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h^This  report  determines  the  structural  weights  (lifting  structure 
only)  of  five  Metalclad  airship  hulls  of  10  to  20  million  cubic 
feet  displacement  and  capable  of  100  knots  airspeed.  The  in- 
dividual hull  weights  are  then  related  to  the  gross  displacement 
lift  producing  a ratio  denoted  A'  (lambda),  which  indicates  the 
merit  of  each. hull  for  lifting  useful  load.  To  determine  the 
hull  weights  it  was  necessary  to  analyze  the  hull  strength  with  , 
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o maximum  loading  moments.  This  process  required  the 
on  of  stresses  in  the  shell  skin  and  analysis  of  the 
on  of  the  skin  with  the  hull  structure.  ^In  the  course 
background  investigations,  prior  structural"'  concepts "v 
ned,  flexible  diaphragms  for  containment  of  gas  ) 

and  internal  operating  air  pressures  determined. 


* Hull  form 
processes 


shapes,  design  of  structure,  including  materials  and 
, construction  methods  arid nparameters  of  operation  are 
necessarily  covered  in  this  report. 


Present,  as  well  as,  new  materials  and  technology  were  applied 
to  obtain  a very  low  coefficient  comparedi:to 'historic  skeletal 
[rigid  airships.  This  coupled  with  a higher  'and  ..broader  varia- 
tion of  internal  pressures,  resulted  in  a-'txinclusion  that  Metal- 
clad  airships  are  technically  and  operationally (feasible, 
economically  viable  and  reliable  under  adverse  i.oondi t ions . 
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SUMMARY 


The  purpose  of  this  study. is  to  reliably  determine  the  weights 
of  Metalclad  airship  hulls  in  the  range,  of  gross  displace- 
ments between  10  million  and  2 0,';n.iillion  cubic  feet.  The 
parameter  expressed  by  Lambda  (X)  , the  ratio  of  the  weight 
of  a hull  to  itS- 'gross  dis-placemeht  lift,  is  of  basic  signific 
ance  to  the  justification). for  pursuing  airship  development. 

• / • * ’ . . 1 1 

To  arrive  at  a valid  conclusion  for  the  value  of  Lambda,  it 
was  necessary  to  ipropose  a design  architecture  of  structures 
suitable  for i.Metalclad  hulls  and  to  analyze  typical  examples 
of  it;  to  analyse  ithe . effect  of  maximum  external  loads  on  the 
hulls;  toidet^rmine  athe  thicknesses  of  the  hull  shell  skin 
and  design  'efficient  joining  seams;  to  explore  the  interaction 
of  the  skinowith.thfe  hull  structure;  to  determine  hull  air 
pressures;  to  consider  the  division  of  the  hull  volume  into 
sub-volumes  and  gas  cells  and  devise  means  for  inflating  the 
hull  with  as  little  contamination  by  air  as  possible;  to  in- 
vestigate the  extreme  case  of  loss  of  pressure  and  lift  of  the 
maximum  volume  cell  during  flight. 

All  these  exploratory  studies  were  performed  with  what  is  con- 
sidered positive  and  encouraging  results,  substantiating  the 
calculated  weights  of  skin,  structure,  cell  membranes  and 
diaphragms  for  each  hull.  The  work  was  carried  throughout 
with  a conservative  approach  which  was  deliberate  with  respect 
to  the  analytical  procedures  and>  ,in  the  case  , of  the  hull  skin, 
was  enforced  by  limitations  of  the  availability  of  skin  gages 
in  the  catalog  of  standard  thicknesses  of  light  aluminum  alloy 
sheet  metal.  This  observation  is’,  important  because  in  all 
past  experience  with  Metalclad  principles , there  always  exist- 
ed an  impression  that  the  quoted  hull' weights  were  optimistic. 
This  report  is  definitely  conservative  in  its  approach  to  the 
determination  of  weights;  it  concludes  with  the  expectation 
that  the  ultimate  weight  of  hulls  designed  in  detail,  with 
more  painstaking  analytical  preparation,  will  be  actually  less 
than  determined  in  this  study. 

The  work  on  the  substance  of  the  study  also  lead  to  other 
important  conclusions,  some  of  which  share  equal  importance 
with  low  hull  weight.  Foremost  among  them  is  the  determina- 
tion of  relatively  high  hull  air  pressure,  compared  to  the 
initial  Metalclad  airship  development,  when  with  low  strength 
aluminum  alloys  and  poor  efficiencies  of  seam  joints,  the  air 
pressure  had  to  be  uncomfortably  low..  The  report  concludes 
that  the  hull  pressure  in  a large  Metalclad  hull  with  present  , 
technology  would  be  at  least  ten  times  higher  and  could  vary  j 
between  its  maximum  value  and  a value  at  least  thirty  five  peri 
cent  lower  than  was  previously  possible  without  losing  tension| 
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in  the  hull  skin  even  under  the  most  severe  flight  bending 
moment . 

Another  by-product  of  the  study  is  the  determination  of  a 
Metalclad  architecture  of  structures  for  Metalclad  hulls 
which  are  cellular  in  principle,  never  used  before  in  rigid 
airships;  the  study  determined  tha't  these1 . structures  are 
light  in  weight,  capable  of  functioning  in,  harmony  with  elastic 
deformations  of  the  skip  and  are  highly,  redt^ndant  both,  in 
loading  (since  they  are  continuous". Circular  beams)  as  well 
as  incidental  damage.  Cellular  structures  are  a.lso  easier 
to  fabricate.  The  elastic  compatibility  of  interaction 
between  skin  and  structure  is  an  important  conclusion  of  this 
study;  it  was  analyzed  and  determined  with  ,the  ja'i'd  of  a compu- 
ter that  the  shell  skin  and  the  hull  structure'  directly  at- 
tached to  it,  can  be  made  elastically  compatibJL^,.  iri,  their 
relative  deformations  at  all  their  interfaces,'  as 'Mentioned 
immediately  above  without  any  complexity,  in  fact,  'without 
additional  weight.  • . , , 

One  expected  conclusion  relates  to  the  soundness  of  the  prin- 
ciple of  using  external  longerons,  without  any  explicit  joints 
with  the  internal  frame  structure,  yet  with  firm  attachment 
to  it  through  the  hull  skin.  Had  the  orthodox  method  of 
connecting  structural  elements  been  followed;  i.e.  , by  re- 
joining them  after  cutting  for  attachment  to  another  element, 
the  structural  weight  would  have 'been  greater,  with  the  Lambda 
parameter  reaching  values  of  over  A> . 30 , even  in  the  largest 
hulls,  not  to  mention  the  complexity  and  cost  of  such  con- 
struction. i ( . 

Determination  of  weights  required  a serious  study  of  cell 
sizes  and  of  the  functioning  of  cel]  membranes.  The  prior 
concept  of  providing  gas  cells  in  Metalclad  hulls  was  con- 
firmed in  its  overall  practicability  for  the  containment  of 
gas,  with  a number,  of  advantages,  including  the  minimum  .con- 
ceivable area  of  membrane  material  required  for  the  purpose. 
Although  there  has  been  a noticeable  improvement  in  specific 
weights  of  membranes  within  the  last  ten  years,  this  weight 
is  still  too  high  for  internal  membranes;  further  development 
needs  to  be  accomplished  with  the  aim  of  devising  membranes 
specifically  for  Metalclad  hulls,  within  which  cell  membranes 
are  particularly  well  protected. 

An  important  conclusion  has  emerged  with  respect  to  the  form 
of  the  hulls.  It  is  known  that  large  rigid  airship  hulls 
vibrated  in  the  stern  portion.  This  vibration  was  induced 
beyond  doubt  by  separation  of  the  boundary  layer  (BL)  with 
resulting  shedding  of  vortices  that  caused  force  instabilities 
oyer  the  stern  hull  surface;  similar  vibrations  are  also  known 
in  sea-going  ships,  especially  at  high  speed's  ..  Once  this  was 
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accepted  as  a reasonable  explanation  of  the  cause  of  hull 
vibrations,  the  importance  of  the  BL  control  in  airships  be- 
came basic.  Originally,  the  hull  drag  was  expected  to  be 
reduced  by  BL  control;  this  objective  has  now  taken  second 
place,  and  delay  of  air  mass  separation  around  the  stern  has 
now  the  priority  oyer'.drag  reduction,  as  desirable  as  the 
latter  also  is.  Me't.aiclad  Hulls  would  suffer  more  severly 
from  shedding  of  Vortices,  than  fabric  covered  skeletal  rigid 
hulls.  One  result  of  the  re'eognitiph  of  this  danger,  besides 
the  need  for  BL  control,  ts  to  provide  a slowly  sloping  hull 
form  toward  the  stern  which ’in  turn  also  increases  the  lift 
volume  where  it  has  always  been  inadequate;  this  departure 
from  slender  sterns  of  past  hulls  also  had  a favorable,  al- 
though unsought,  influence  on  the  Lambda  parameter. 


| The  study  dhl  Met 'ale  lad  hulls  ends  wi 

5 as  follows!  ,Uj  \ " : ' 


. th  several  recommendations 


1.  Detailed  design  study  of  the  distribution  of  skin 
gages,  more  closely  differentiated  than  present 
standards  permit. 

2.  Further  analytical  study  of  structure- skin  inter- 
action for  the  purpose  of  deriving  simple  and  direct 
relations  for  design  use.  This  is  not  a problem  but 
a condition,  well  understood,  looking  for  design 
directives. 

3.  Analytical  and  experimental  model  study  for  deter- 
mining critical  (elastic)  buckling  stresses  in  the 
skin  as  a function  of  all  gore  panel  parameters, 
with  the  aim  of  improving  still  further  the  prospects 
for  making  the  skin  thinner,  or  the  spacing  of  long- 
erons greater,  or  both. 

4.  A thorough  design  study  and  model  testing  of  Metalclad 
cellular  main  frame  structures,  known  now  to  be 
heavier  than  necessary. 

5.  Analytical  and  experimental  model  stability  work  on 
the  possibility  of  using  one  instead  of  two  secondary 
frames  between  two  main  frames. 

6.  Design  study  of  a Metalclad  hull  with  structures  for 
local  weight  load  support  as  well  as  structures  of 
convenience  included,  with  the  aim  of  reducing  some 
longitudinal  external  hull  structure  by  indispensable 
internal  load  support  structures. 

7.  Further  comprehensive  analysis  and  tests  of  riveted- 
bonded  sl<in  seams,  including  fatigue  testing'. 


iiu'kia-iiuXi  itii.  < 
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8.  Development  of  new  concepts  for  cell  membranes  for 
Metalclad  hulls, 

9.  Examination  of  prospects  for  use  of  carbon  fiber/ 
epoxy  composites  for  Metalclad  structures,  including 
many  sections  of  weight  load  carrying  structures, 
tanks,  containers,,  etc.,  possibly  also  main  frames. 

10.  Review  of  maximum  external  loads  on  airship 'hulls , 
including  the  determination  of  more  precise  loading 
procedures  for  the  final  hull  design;  the  present 
methods  are  too  arbitrary  and  empirical. 

■ if  ! i ! 

11.  Comprehensive  testing  of  airs  hip  hulls  at  high 
Reynolds  numbers,  possibly  in  a ftfa^rj  jt,yflnel  and  also 
with  BL  control  simulation. 

t i.  I • ; ' ; 

During  the  completion  of  this  report,  but  before  its  final 
issue,  much  attention  was  given  to  the  validity  of  the  basis 
for  determination  of  hull  skin  thickness.  It  was  felt  that 
the  maximum  hull  pressures  were  too  high  and  particularly 
that  tho  ratio  between  the  maximum  and  minimum  pressure  was 
unnecessarily  too  large  (over  six).  Old  photographs  of 
deflated  ZMC-2  reveal  that  elastic  buckling  of  the  hull  skin 
was  approximately  uniform  in  appearance,  regardless  of  the 
spacing  of  longerons.  This  suggests  that  once  the  critical 
buckling  appears,  it  is  not  much  different  in  panels  or  gores, 
of  different  widths;  the  critical  buckling  parameter  used  as 
the  basis  of  determination  of  skin  thickness,  where  valid 
for  the  determination,  of  the  critical  buckling  stress,  has 
only  a distant  relation  to  the  degree  of  buckling,  as  old 
photographs  indicate. 

This  discovery  showed  that  the  thickness  cf  the  hull  skin  could 
be  safely  reduced  and  the  ratio  between  maximum  and  minimum 
pressure  lowered.  This  was  done  for  MO  200  , resulting  in  a 
37.5%  weight  saving  of  the  hull  skin  with  a maximim  pressure 
of  8.75  in.  of  water  column  and  maximum-minimum  pressure 
ratio  still  at  comfortable  3.5.  The  Lambda  parameter  was 
reduced  to  X = .2439  from  X = .2758. 

This  points  to  the  future  direction  of  determining  the  skin 
thickness  with  further  substantiation  by  tests  of  the  validity 
of  this  conclusion. 
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1.  INTRODUCTION 

1.1  DESCRIPTION  OF  METALCLAD  HULL  DESIGN  PRINCIPLES. 
Metalclad  ATrsTT ip  hull  princip  1 e s’  w e re  1 iT3~^ own  approximately 
fifty  years  ago  by  R.  H.  Upson  in  several  references  as  noted  a. 


In  the  simplest  definition,  a Metalclad  hull  has  a rigid  in- 
ternal structure  capable  of  supporting  an  elastically  deform- 
able thin,  gas-tight  metal  skin  shell  in  deflated  state,  with- 
out lifting  gas  in  the  hull.  The  skin  is  elastically  deformed 
between  its  structural  boundaries  and  supports,  with  deep 
buckles  visible  all  over  its  surface,  caused  either  by  the 
weight  of  the  skin  or  by  shear  deformations  from  the  supports 
of  the  hull;  generally,  the  elastic  buckling  is  a combination 
of  both  of  these  deformations  and  during  erection,  the  ap- 
pearance may  give  an  impression  of  concern  for  the  integrity 
of  the  hull. 

The  supporting  structure  is  made  rigid  by  the  firmly  attached 
shell  skin  and  supports  this  metal  skin  without  harm  to  it. 

The  structure  is  comprised  of  three  distinct  elements  : The 
main  frames,  which  are  rigid  rings  with  the  ultimate  purpose 
of  transfering  weight  loads  into  the  skin  by  shear.  The 
secondary  frames,  which  are  approximately  equidistantly  spaced 
between  the  main  frames.  The  longerons,  running  fore  and  aft 
along  the  hull  contour  are  spaced  at  equal  distances  peripher- 
ally and  are  firmly  attached  to  the  main  frames  and  secondary 
frames,  All  structure  is  attached  to  the  skin.  This  assembly 
of  structural  girders  and  skin  comprises  all  the  lifting  Metal- 
clad hull  structure.  The  girder  structure  alone,  without  the 
skin,  is  not  capable  of  self-support  and  would  collapse  if  not 
stabilized  by  the  skin.  The  skin  alone,  in  deflated  condition, 
would  collapse  without  the  support  of  the  girder  structure. 
However,  in  combination,  attached  to  each  other,  the  girders 
and  the  skin  shell  form  an  overall  rigid  body  in  deflated  con- 
dition with  harmless  local  elastic  instability  of  the  skin. 

The  secondary  frames  and  the  longerons  are  essential  to  the 
hull  s tructure  during  erection  and  also  when  the  hull  is  de- 
flated; they  are  not  essential  to  the  inflated  hull  under 
pressure.  The  main  frames  are  essential  to  the  hull  structure 
during  erection,  assembly  and  when  the  hull  is  deflated;  they 
hold  the  longerons  and  the  skin  in  place  and  support  their 
weight.  When  the  hull  is  inflated,  the  main  frames  are  the 
principal  structure  for  transfer  of  weight  loads  into  the  hull 
skin  shell  by  shear. 

Due  to  inflation  with  gas  and  principally  by  supercharge  air 
pressure,  the  thin  metal  shell  becomes  taut  with  tension. 

® ‘ See  references.  Page  307. 
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All  elastic  buckles  disappear  and  the  hull  body  becomes  rigid 
locally  in  addition  to  overall  rigidity  inherent  in  the 
structure  without  pressure. 

b.~ 

Ax'  structural  girders  in  the  2MC- 2 were  curved  to  the  local 
hull  form  and  directly  attached  to  the  skin.  They  were  not 
straight  as  in  skeletal  Zeppelin  type  hulls.  It  is  a funda- 
mental distinction  of  Metalclad  hulls  that  the  structure  is 
everywhere  directly  attached  to  the  skin  and  is  fitted  to  the 
skin  curvature. In  deflated  condition,  the  skin  is  supported 
by  the  structure;  in  inflated  state,  the  structure  complements 
the  skin  strength  and  deforms  elastically  with  the  skin  to 
various  degrees,  almost  completely  in  the  case  of  secondary 
frames  and  longerons  and  less  at.  the  main  frames.  In  Metal- 
clad structures,  this  is  recognised  and  provided  for  to  assure 
gradual  skin  restraint  from  the  structure,  as  is  described 
in  section  1.2. 

The  principle  of  conformity  of  the  structure  to  the  hull  form 
in  a combination  with  the  hull  skin,  gives  the  lightest  and 
also  the  simplest  structure.  This  is  so,  even  when  under 
compression  loads  in  a deflated  hull,  because  the  curved  gir- 
der deform.,  w is  restrained  everywhere  by  the  skin  in  tension 
in  transv  •?<  as  well  as  longitudinal  direction.  Although 
curvature  ru.jes  the  slenderness  ratio  of  a curved  girder, 
the  skin  effectively  reduces,  it,  for  instance  in  the  case  of 
secondary  frames  and  longerons,  even  when  the  hull  is  deflated. 

The  principle  of  structural  conformity  to  the  hull  curvature 
requires  a new  solution  of  all  structures,  particularly  main 
frames.  The  skeletal  girder  truss  structure  can  be  used  with 
the  base  girders  curved  and  the  truss  girders  straight,  as 
shown  in  Fig.  1.  This  system  has  the  advantage  of  good  flex- 
ibility of  the  base  girders  which  allows  them  to  deform  with 
reduced  restraint  in  respect  to  the  skin  radial  deformation, 
caused  by  internal  hull  pressure.  In  cylindrical  shells,  the 
circumferential  extension  of  skin  is  twice  as  great  as  the 
extension  in  the  longitudinal  direction  under  internal  pressure 
therefore,  the  recognition  of  this  fact  is  important.  Not 
favorable  to  the  skeletal  structure  of  Fig.  1,  is  the  com- 
plexity of  it,  the  weight  of  special  joints  and  the  unavoidable 
loading  of  straight  girders  in  bending  superimposed  on  com- 
pression loads.  The  skeletal  main  frame  construction  deserves 
further  consideration  and  at  this  time,  is  not  being  excluded 
from  use  in  Metalclad  construction. 

The  hull  study  described  in  this  report  is  based  on  cellular 
principles  in  all  structure.  This  approach  is  consistent  with 
the  Metalclad  concept  of  indivisible  attachment  of  structure 
to  the  skin  as  well  as  with  modern  light  structures.  A typi-cal 

b*  ZMC-2  U.S.  Navy  all  metal  airship,  1929. 
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main  frame  of  a Metalclad  hull  is  shown  in  Fig.  2,  and  a 
typical  girder  for  Metalclad  secondary  frames  and  longerons 
is  shown  in  Fig.  3 and  4 respectively. 

A typical  main  frame,  Fig.  2,  is  in  itself  a Metalclad 
structure,  composed  of  corrugated  side  walls  as  surfaces  of 
frustum  cones,  riveted  to  either  extruded  or  rolled  circum- 
ferential base  cornices  attached  directly  through  the 
base  skin  to  the  external  longerons.  At  the  apex,  the  cornice 
is  composed  of  two  circumferental  curved  sections,  attached 
together  with  the  corrugated  sidewalls  to  make  a curved  apex 
girder  of  high  stability.  All  cornices  are  held  fixed,  element- 
by  element,  by  corrugated  sloping  sides.  The  base  cornices 
are  also  stabilized  by  the  base  plates,  which  are  thicker  than 
the  local  hull  skin.  All  three  cornices  will  support  high 
compression  stresses  without  buckling,  due  to  the  high  degree 
of  fixity  of  their  elemental  support  and  resulting  stability. 


r 

curved  base 
girders 


Metalclad 
hull  skin 


^-Longeron 


FIGURE  1.  Skeletal  Main  Frame 


Past  experience  indicates  that  in  similar  configurations,  the 
cornices  ultimately  fail  at  stresses  near  the  yield  point  of 
the  metal  in  compression. 

The  main  frame,  instead  of  being  a skeletal  frame  is  actually 
a continuous  circular  beam  with  lighter  or  heavier  cornices 
where  bending  moments  demand  it  and  with  corrugations  of 


LinJ.'.'b  I i i i-'U  — ll, 


i unocwiMUMINtb, 

NALC-  76238-3 


rluUnt  *1,  Typical  Longeron  Section 
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thickness  according  to  local  shear  loads.  Section  3 shows 
a simplified  analysis  of  the  largest  main  fram-  <>P  the  MC-200 
and  also,  main  frame  models  are  described  in  Apn-ndices  A,  B, 
and  C.  On  the  respective  drawings  of  the  hulls 

(Refer  to  appendix  M.  ) are  shown  these  main  frames  in  some 
detail,  only  as  the  initial  approach  to  their  actual  design. 
The  corrugations  of  main  frames  of  MC-200  are  provided  with 
lightening  holes  in  frame  segments  where  shears  are  always 
light,  instead  of  going  to  very  thin  gages  more  vulnerable  by 
human  contact.  The  upper  halves  of  all  main  frames  will  have 
thin  sheet  covers  spotweldcd  to  the  corrugations  and  riveted 

c’  MC-200:  20,000,000  cubic  feet  in  volume. 

MC-100:  10,000,000  cubic  feet  in  volume. 
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by  scaled  joints  to  the  cornices  to  provide  gas  tight  bulk- 
heads for  the  cells.  In  the  air  space,  below  the  hull  equator, 
the  corrugations  have  no  sheet  covers  with  the  exception  of 
the  three  main  frames  supporting  compartment  sealing  diaphragms. 
All  main  frames  in  all  hulls  have  a constant  height  parameter 
of  (.108  ) xR  ci  except  far  forward  in  the  bow  and  far  aft  in 
the  stern,  where  main  frames  with  the  above  parameter  would 
be  too  low  in  height  for  human  access.  The  minimum  actual 
height  (apex  cornice  to  base)  of  any  main  frame  is  86  in.  for 
any  hull.  The  cornices  of  the  main  frames  can  be  easily 
spliced  and  also  reinforced  by  doublers  where  needed.  There 
are  no  girder  cross  joints,  only  riveted  seams.  All  rivets 
are  to  be  flush  on  the  external  sides  of  all  internal  struc- 
tures and  all  cornice  edges  are  to  be  rounded-off  to  reduce 
scuffing  of  cell  membranes.  All  external  rivets  are  flush 
to  decrease  drag.  All  rivet  lines  are  openly  accessible  and 
staggered  for  ease  of  reaching  by  tools.  The  main  frame 
structure  is  easily  accessible  for  attachments  of  any  kind, 
structural  supports  for  equipment,  ladders,  platforms  etc. 
Manholes,  if  needed,  may  be  placed  anywhere. 

The  frame  apex  included  angle  is  44°  for  structural  reasons 
because  the  corrugated  sides  are  in  effect  large  Belleville 
springs  with  relatively  low  spring  constants.  This  allows 
the  frame  to  adjust  with  little  force  to  the  elastic  growth 
of  skin  perimeter  when  the  hull  is  inflated.  Due  to  the 
radially  outward  directed  forces  caused  by  internal  pressure, 
the  corrugated  sides  of  the  frame  will  rotate  slightly  toward 
the  center  plane  of  the  frame,  tending  to  decrease  the  apex 
angle  thus  adjusting  the  diameter  of  the  frame  to  some  mean 
value  of  the  total  radial  skin  deformation.  A larger  apex 
angle  would  be  adverse  to  this  adjustment.  The  smaller  apex 
angle  is  also  justified  because  the  main  frames  of  Metalclad 
hulls  will  not  have  to  resist  high  gas  and  air  surge  forces 
on  the  radial  nets  and  diaphragms  in  the  plane  of  the  main 
frames.  These  surge  forces  will  be  greatly  reduced  because 
the  Metalclad  hulls  are  subdivided  longitudinally  into  four 
air  spaces.  An  incidental  advantage  of  the  "slender"  4^°  main 
frame,  is  its  lower  geometrical  volume  compared  to  a 60  apex 
angle  frame,  yet,  the  internal  space  of  even  the  minimum  height 
86  in.  frame  is  more  than  adequate  for  all  access  and  equipment 
installation  purposes. 

The  base  skin  of  the  mainframes  is  thicker  than  the  local  hull 
skin  thickness,  to  relieve  the  slope  of  the  skin  deflection 
curve  between  the  free  skin  and  the  rigidity  of  the  frame,  as 
shown  in  Fig.  2.  The  frame  itself  and  its  base  skin  are  in 
effect,  two  springs  acting  elastically  to  reduce  the  different- 
ial between  the  relatively  low  radial  deformation  of  main 


h:  Frame  height  = apex  to  base 
R -p : Hull  radius  at  frame  station 
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frames  and  the  greater  deformation  of  the  local  skin.  The 
radial  diaphragm  net  will  be  anchored  at  48  stations  along 
the  apex  cornice  of  the  main  frames.  At  these  stations,  the 
corrugations  will  be  locally  of  thicker  gage,  directing  the 
pull  forces  toward  the  longerons  and  in  shear  to  the  adjacent 
corrugated  webs.  A typical  pivoting  arm  attachment  through 
the  main  frame  is  shown  in  simple  terms  on  hull  layouts 
(appendix  M.  ).  These  attachments  require  small  openings  in 
the  corrugated  sides  which  can  be  easily  reinforced  while 
the  apex  cornice  will  be  everywhere  continuous. 

The  main  frame  structure  is  also  basic  to  other  hull  structures 
viz.  the  secondary  transverse  frames  and  the  longerons;  both 
are  derived  from  the  main  frame  structure,  as  is  described 
further  on.  The  guiding  principle  is  to  obtain  light,  simple 
structures  in  all  cases,  with  simplicity  of  construction,  high 
redundancy  and  the  most  efficient  use  of  material  in  fab- 
rication . 

A typical  secondary  frame,  Fig.  3,  is  constructed  as  a tri- 
angular girder  of  44°  apex  angle  with  two  corrugated  shear 
web  sides  riveted  to  an  apex  cornice  made  of  outer  and  inner 
rolled  profile.  At  the  base;  the  corrugations  are  riveted 
to  extruded  or  rolled  cornices,  which  in  turn  are  riveted  to 
the  base  skin.  The  base  skin  is  thicker  than  the  local  hull 
skin.  Similarly  as  in  the  case  of  main  frames,  this  provides 
a transition  from  a more  rigid  frame  to  a less  rigid  skin, 
both  in  the  deflated  state  when  the  skin  is  elastically  buckl- 
ed, as  well  as  in  the  inflated  state  when  the  skin  is  extended 
radially  more  than  the  secondary  frame.  This  is  illustrated 
in  Fig  3.  The  circumferential  skin  extension  will  exert  a 
radially  distributed  force  on  the  base  cornices  of  the  frames, 
causing  an  angular  rotation  of  the  corrugated  shear  webs  to- 
ward the  frame  centerline,  diminishing  the  apex  angle  and 
thereby  providing  a second  spring  adjustment  to  the  radial 
skin  deformation.  The  first  one  being  the  deformation  of  the 
thicker- than- skin  base  plate  of  the  frame.  In  effect,  two 
elastic  springs  are  provided  to  accomodate  the  relative  dif- 
ference in  local  deformation  of  the  skin  and  of  the  frame. 
Individual  hull  layout  drawings  (Refer  to  appendix  M)  show 
typical  secondary  frames  with  dimensions. 

In  all  hull  studies  of  this  report,  another  fundamental  prin- 
ciple is  used,  viz,  to  eliminate,  as  much  as  possible,  all 
structural  joints  necessary  for  the  crossing  of  structural 
elements.  This  is  a new  concept  to  Metalclad  construction 
and  is  a logical  step  in  its  progressive  development.  Splic- 
ing joints  cannot  be  eliminated  and  are  not  unduly  heavy,  nor 
complex.  On  the  other  hand,  joints  required  for  the  crossing 
of  structure,  e.g. , the  main  or  secondary  frame  crossing 
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a longeron,  are  always  complex,  heavy,  expensive 
Structures  generally  fail  first  at  joints. 


and  insecure. 


In  the  studied  hulls  the  longerons  are  external  to  the  hull 
while  all  main  and  secondary  frames  are  internal.  Between 
the  frames  and  the  longerons  the  thicker  base  skin  of  all 
frame  structures  of  a Metalclad  hull  are  serving  as  an  incid- 
ental gusset  plate  at  each  structural  crossing.  The  structures 
are  as  firmly  joined  as  conceivable  by  simple  by-pass  crossing 
without  discontinuity  of  girders.  All  studied  hulls  require  a 
relatively  large  number  of  longerons  (Refer  to  section  7.1). 

The  increase  of  drag  from  external  longerons  is  due  to  fric- 
tion and  is  minimal,  estimated  at  no  more  than  2%.- 3$  of  the 
total  hull  friction  resistance.  The  gain  in  weight  reduction 
with  this  type  construction  will  be  significant,  although  not 
quantified  at  the  time  of  this  report  because  of  the  com- 
plexity of  the  task.  The  principal  advantages  are  in  the 
simplicity  of  structure  and  increased  structural  integrity 
of  the  hull.  Equally  as  advantageous  is  the  circumferential 
smoothness  of  the  internal  walls  of  Metalclad  hulls.  The 
cell  membranes  will  not  encounter  longitudinal  ridges  over 
which  to  drag,  nor  will  there  arise  any  air  spaces  entrapped 
between  the  cell  membranes  and  internal  longerons  during  in- 
flation. Fig.  4 shows  a typical  longeron  in  its  section, 
almost  identical  to  although  lower  in  height  than  a trans- 
verse frame,  again  composed  of  internal  and  external  apex 
cornices  joined  by  corrugations  into  a highly  stable  section 
capable  of  sustaining  high  bending  compression  stresses.  The 
corrugated  external  sides  of  the  longerons  are  covered  by  an 
approximately  .005  in.  thick  flat  sheet  spotwelded  on  the 
outer  side  of  the  corrugations  with  sealed  seams  to  diminish 
the  drag  and  prevent  moisture  accumulating  in  the  longeron. 

At  all  main  frame  and  longeron  crossovers  a hole  in  the  base 
skin  of  the  frame  will  connect  the  internal  volume  of  each, 
to  prevent  air  pressure  forces  arising  in  the  longerons  . The 
longerons  are  sufficient  to  support  the  hull  during  construct- 
ion and  also  during  flight  in  case  of  loss  of  all  pressure 
in  a hull  sub- volume .The  hull  structure  and  consequent  weight 
summations  are  based  on  this  longeron  structure  capability. 

In  summation  the  Metalclad  main  frames,  secondary  frames  and 
■longerons  are  very  efficient  structures.  The  base  cornices 
are  stabilized  element -by-element  by  the  base  skin  of  greater 
thickness  than  the  local  hull  skin,  and  by  the  corrugated 
sides  of  the  complete  section.  The  apex  cornice  is  stabilized 
also  element -by-element , by  the  corrugated  side  webs;  both, 
the  apex  and  the  base  cornices  will  reach  high  compressive 
stresses  approaching  the  compression  yield  point  of  the  metal. 
The  small  apex  included  angle  of  44°  in  all  structures  will 
accommodate  the  elastic  deformation  of  the  skin  by  diminishing 
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in  the  primary  and  secondary  frames  and  increasing  in  the 
longerons,  thereby  partially  adjusting  and  unloading  the 
girder  to  the  deformed  hull  dimensions.  When  under  pressure, 
if  the  apex  angle  were  larger,  the  girder  would  be  stiffer 
against  such  deformations,  which  is  undesirable.  The  44° 
angle  is  still  sufficient  for  high  stability,  while  less 
restraining  to  radial  deformations  at  the  base  of  all  struc- 
tures. Dcformabi lity  of  the  skin  does  not  hinder  the  pre- 
cise joining  of  the  plating  to  the  hull  structure,  because 
of  precision  assembly  techniques  as  described  in  Section  11, 
When  supercharged  with  air  pressure,  the  elastic  skin  be- 
comes taut,  the  wrinkles  and  buckles  totally  disappear  and 
the  hull  becomes  a smooth  body,  with  exact  compound  curva- 
ture all  over.  The  longerons  "float"  with  the  skin  in  its 
radial  deflection  as  do  the  secondary  frames;  all  become 
generally  unloaded  from  weight  loads  and  loaded  by  forces 
from  elastic  deformation  of  the  skin  shell  and  impose  small 
restraining  forces  on  the  skin  as  described  in  Section  2 
and  5,  The  main  frames  put  more  restraint  on  the  skin  under 
pressure  and  provisions  as  described  above  and  in  section  1.2, 
are  made  for  this. 

The  framework  is  the  principal  structure  during  construction 
for  supporting  the  deflated  hull.  Inflated  with  air  and  gas 
pressure,  the  hull  structure  changes  its  character;  the  skin 
then  becomes  the  principal  structure,  while  the  main  frames 
serve  the  purpose  of  introducing  weight  loads  into  the  skin 
by  shear  as  well  as  restraining  by  diaphragms,  the  air  and 
gas  loads  in  the  longitudinal  direction.  In  both  states, 
deflated  as  well  as  inflated,  a Metalclad  hull  is  a rigid 
airship  hull.  Under  pressure,  the  inflated  hull  [with  lift- 
ing gas)  remains  circular  if  the  lift  load  is  balanced  by 
weight  load  shears.  This  was  analytically  shown  by  Upson 
in  1924  (See  Ref,  a)  The  Idetalclad  airship  hull  principles 
were  demonstrated  by  the  airship  ZMC-2,  in  1929.  Its  hull 
was  constructed  of  2024  Alclad,  .0095  in. thick  over  all  the 
hull  surface.  The  parameter  D/t  = 624  in./.  0095  in.  = 65  , 6 8 4 e 
of  the  ZMC-2  is  among  the  highest  known  in  shell  structures. 
The  longeron  and  secondary  frame  structure  was  made  of  a 2 in. 
high  "hat"  section  of  D/L  = 624  in./2  in.  = 312*  . The  main 
frames  were  approximately  10  in.  high  with  each  frame  wire 
braced  in  its  plane.  The  inflation-deflation  cycle  was  re- 
peated innumerable  times  through  the  almost  12  years  of  life 
of  the  ZMC-2  without  discernible  fatigue  of  the  skin  metal 
at  any  location.  The  hull  of  the  ZMC-2  during  construction 
was  manhandled  more  severely  before  splicing  the  stern  and 
bow  sections  together  than  is  expected  to  happen  during  the 
construction  of  Metalclad  hulls  considered  in  this  report.1 

a-  D/t  = Max.  hull  dia/skin  thickness 

f 

D/L  - max.  hull  dia/height  of  section 
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In  spite  of  the  structural  lightness,  as  indicated  by  the 
above  parameters,  not  the  slightest  harm  was  done  to  the 
hull  structure  by  this  severe  handling  before  inflation. 

The  hulls  of  this  report  are  subdivided  into  a number  of 
individual,  independent  cells  for  the  containment  of  the 
lifting  gas.  Section  1.9  and  6 describes  the  cells  in 
detail.  It  should  be  pointed  out  that  the  hull  skin  it- 
self contains  the  gas  directly  in  the  upper  portion  of  the 
gas  cell  between  radial  intersections  with  the  hull  dia- 
meter at  7.5°  above  the  equator  (MC-2O0)  on  the  starboard 
and  port  sides.  These  intersections  correspond  to  the 
location  of  their  respective  longerons  and  below  this  inter- 
section the  gas  is  contained  by  a pliable  floating  membrane. 
The  membrane  is  securely  attached  to  the  hull  skin  at  these 
longitudinally  running  stations  by  a replaceable  gas-tight 
joint  shown  schematically  on  hull  layouts.  The  membranes 
are  at  least  as  large,  from  7.5°  above  the  equator  on  port 
to  7.5°  above  the  equator  on  the  starboard  side,  as  the  lower 
portion  of  the  hull  and  are  free  to  lie  on  the  inner  wall 
of  the  bottom  of  the  hull  with  100%  gas  inflation.  In  the 
transverse  plane  of  each  main  frame  is  positioned  an  elastic 
disc-like  net,  anchored  circumferentially  to  the  apex  cor- 
nice of  the  frame.  Above  the  7.5°  intersections,  the  net 
is  a part  of  a sealed  diaphragm  or  semi-bulkhead,  separating 
two  adjacent  cells.  Below  the  7.5°  intersections  the  disc- 
like net  is  open  and  the  cell  wall  is  a free,  semi-circular 
diaphragm  attached  along  its  semi-perimeter  to  the  cylind- 
rical part  of  the  longitudinal  cell  membrane  forming  a 
complete  cell.  In  effect,  the  top  part  of  the  cell  is  fixed, 
while  the  lower  part  is  free-floating,  capable  of  being 
drawn  tightly  by  suction  against  the  inner  wall  of  the  hull 
in  preparation  for  inflation.  This  will  insure  a minimal 
dilution  of  the  lifting  gas  with  entrapped  air  during  evacua- 
tion and  inflation.  In  case  of  puncture  of  the  top  hull 
skin  by  an  unforseen  cause,  the  cell  membrane  would  be 
lifted  by  air  under  pressure  against  the  inner  wall  of  the 
hull,  cover  the  opening  and  still  maintaining  internal  air 
pressure;  only  in  the  extreme  case  of  a tear  in  the  membrane 
as  well,  would  the  pressure  be  reduced  or  lost  in  the  air 
subvolume  where  the  damage  occurred.  Typical  cells  are  shown 
on  layouts  of  the  hulls  (Refer  to  appendix M.l . In  at  least 
three  main  frames  along  the  length  of  a hull,  the  whole 
inner  area  of  the  frame  is  a sealed  diaphragm,  dividing  the 
hull  into  four  air  sub-volumes,  each  with  its  number  of  gas 
cells.  These  sub-volumes  contain  air  below  the  cells.  The 
bow  and  the  stern  air  volume  is  serving  the  purpose  of  ballo- 
nets  for  trim  and  also  as  compensating  space  for  dilation  of 
the  lifting  gas.  The  second  and  the  third  air  sub-volume  is 
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for  gas  dilation  only.  The  additional  purpose  of  division 
of  the  hull  volume  into  four  air  sub-volumes  is  to  diminish 
the  total  surge  of  gas  and  air  during  hull  pitching,  which 
in  turn  reduces  the  loads  on  elastic  net  diaphragms  in  all 
main  frames. 

At  equator,  on  both  port  and  starboard  sides,  all  adjacent 
cells  are  interconnected  by  controlled  valve  ducts,  which 
will  permit  transfer  of  gas  from  one  cell  to  its  adjacent 
cell,  in  response  to  ballonet  fullness,  when  needed. 

The  hull  skin  is  projected  to  be  bonded  and  riveted  to  the 
thicker  base  skin  at  the  bases  of  all  structures,  as  is 
shown  on  the  hull  layouts,  (appendix  M. ) and  described  in 
Section  11.  All  skin  panel  seams  are  to  be  butt  joints  with 
flush  riveted  and  bonded  back-up  strip.  The  seams  of  all 
structures  are  described  in  section  8,  It  is  also  proposed 
to  use  bonding  for  structural  seams  to  secure  higher  sta- 
bility of  the  assembly  between  rivet  centers. 

All  hull  structures  in  this  report  are  proposed  to  be  con- 
trolled by  dynamic  thrusters  in  Z and  Y coordinates;  the 
thrustors  will  be  located  in  the  bow  and  stern  on  the  main 
frames.  No  weight  allowance  has  been  made  for  the  structure 
restraining  the  forces  of  the  controlling  thrusts  because 
these  forces  are  not  a part  of  the  gas  lifting  equilibrium. 
It  is  to  be  noted  however,  that  the  thrustor  control  forces 
will  act,  in  most  cases,  as  couples  and  their  moments  on  the 
hull  will  be  considerably  smaller  than  the  moments  from 
rudders  or  elevators. 

The  size  of  the  hulls  suggests  that  it  would  be  practical 
for  access  purposes  to  provide  a low  height  (86  in.  max) 
internal  longitudinal  keel  at  station  it  of  a hull,  as  is 
indicated  in  Fig.  5.  This  is  to  be  considered  in  the  future 
and  would  replace  the  topmost  external  longeron.  The  cell 
diaphragm  would  not  be  hinderd  in  any  way  as  it  would  fold 
around  it  and  the  corridor  would  provide  ducts  for  hydrogen, 
if  used  as  a supplementary  fuel,  and  access  for  inflation 
of  cells  with  lifting  gas.  An  additional  advantage  would 
be  that  in  the  case  of  loss  of  air  or  gas  pressure,  the  hull 
could  travel  at  higher  speed  because  the  bending  strength 
of  the  deflated  section  of  the  hull  would  be  higher  with 
the  internal  keel  than  with  longerons  alone.  Disadvantage 
would  be  the  weight  of  the  top  keel  and  a small  reduction 
of  lift  gas  volume. 
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FIGURE  S.  Longitudinal  Corridor  at  Top  of  the  Hull 

It  is  shown  further  on  in  this  Report  (Refer  to  Section  2.1) 
that  Metalclad  hulls  are  more  than  adequate  for  the  highest 
gust  bending  moments  with  a factor  of  safety  larger  than 
two,  although  two  is  the  minimum  factor  of  safety  of  design 
for  all  hulls.  Also,  the  supercharge  air  pressure  in  all 
hulls  is  high  enough  to  be  dependably  controllable  and  can 
be  in  fact  reduced  before  the  factor  of  safety,  with  respect 
to  external  loading,  would  be  reached.  This  is  a most  note- 
worthy development  of  Metalclad  technology  when  compared  to 
the  era  of  the  2MC-2,  when  the  air  pressures  were  declining 
to  low  values  with  the  increase  in  size  of  the  hulls,  reach- 
ing values  that  would  have  been  doubtful  in  reliability. 

Appendices  A through  I in  this  report,  deal  with  a variety 
of  structural  problems.  Although  reference  to  them  is 
made  in  various  sections  of  the  report,  they  are  not  a 
direct  part  of  the  presented  analysis  and  rather  reflect  the 
development  of  understanding  of  the  problems  they  relate 
to;  due  to  their  developmental  nature  they  often  are 
numerically  different  from  the  text,  while  still  expressing 
the  concept.  Their  merit  is  in  dealing  with  principles 
rather  than  in  specific  results. 
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1.2  CRITERIA  FOR  FLIGHT  FORCFS,  STABILITY,  FUNCTION 
AND  CONSTRUCTION  OF  MliTALCLAD  STRUCTURF . A skeletal  airs li ip 
hull  lias  to  satisfy  only  one  set  of  strength  criteria  from 
external  forces,  viz.,  the  flight  loads.  All  Metalclad 
hulls  have  to  satisfy  two  criteria  of  external  forces.  One 
is  the  rigidity  and  strength  of  the  full  structure  during 
erection  when  the  hull  shell  must  be  self-supporting  without 
gas  and  air  pressure.  These  forces  are  due  to  the  local 
weight  of  the  hull,  principally  the  skin  and  longerons  act- 
ing as  external  loads.  The  other  one  is  the  same  set  of 
strength  criteria  as  for  skeletal  hulls.  These  two  distinct 
criteria  are  not  exclusive  of  each  other;  in  fact  there  is 
a joint  effect  in  the  case  of  loss  of  lifting  gas  in  a cell 
and  ultimately,  also  of  air  pressure,  during  flight.  In 
this  situation  a Metalclad  hull  would  be  subject  to  weight 
loads  due  to  its  own  local  skin  and  structure  as  well  as  to 
aerodynamic  moments  at  reduced  speed  of  travel.  During 
erection  of  Metalclad  hulls,  the  main  frames  will  be  self- 
supporting  on  the  assembly  stand,  as  discussed  in  section  11. 

The  skin  between  the  main  frames  must  be  supported  by  the 
structure  during  assembly.  This  structure  consists  of  two 
main  frames,  two  secondary  frames  and  the  longerons  crossing 
them.  The  longerons  support  the  skin  panels  as  a uniformly 
distributed  load  (in  the  first  approximation)  and  are  in  turn, 
supported  by  the  main  frames  and  stabilized  by  the  secondary 
frames.  Neither  the  secondary  frames  nor  the  longerons  are 
needed  when  the  hull  is  inflated  except  when  pressure  is 
lost.  If  a gas  cell  should  lose  its  lifting  gas,  the  cell 
membrane  will  lift  up  against  the  inside  of  the  hull  skin 
and  keep  it  under  longitudinal  and  transverse  tension  with 
air  pressure;  the  air  pressure  is  normally  much  higher  than 
the  gas  pressure,  even  at  the  top  of  the  hull.  Should  the 
membrane  be  torn  as  well  in  an  unlikely  but  possible  sit- 
uation, due  for  instance  to  cutting  by  sharp  edges  of  struc- 
ture or  a tear  in  the  metal  kull  skin;  the  air  pressure 
will  be  reduced  in  that  sub-volume  of  the  hull  or  conceivably, 
it  may  not  be  possible  to  maintain  it  at  all.  In  that  case 
the  longerons  will  be  loaded  by  bending  moments  on  the  hull 
in  addition  to  having  to  support  the  weight  of  the  skin  in 
the  length  of  the  hull.  The  hull  will  have  a reduced  section 
modulus  which  has  to  be  still  high  enough  to  resist  a maximum 
moment  at  the  maximum  speed  at  which  the  hull  can  then  travel. 
Section  1.8  establishes  that  the  travel  speed  cf  the  hull 
would  still  be  between  SOI  and  601  of  the  maximum  speed  in 
level  flight.  The  secondary  frames  stabilize  and  support  the 
longerons  by  collecting  the  weight  of  the  skin  and  longerons 
and  transfering  it  to  the  adjacent  main  frame  by  skin  shear. 
The  skin  is  capable  of  shear  transfer  even  in  a "slack" 
condition  as  was  demonstrated  by  the  deflated  ZMC-2.  A 
Metalclad  hull  lias  longitudinal  curvature  along  its  length. 


^TURBOMACHINES. 


NADC- 76258- 3Q 

This  geometry  imparts  higher  rigidity  to  the  longerons  in 
bending  than  their  section  properties  give  to  them  alone; 
this  is  described  in  Section  5.  On  top  of  the  hull,  long- 
itudinal compression  deflects  the  longerons  outwardly 
against  the  weight  of  the  skin  and  especially,  against  the 
restraining  circumferential  forces  of  the  circular  hull 
skin  surface,  or  transverse  tension  of  the  skin,  even  in 
the  slack  state.  Experience  with  the  ZMC-2  structure  supports 
this  assumption.  The  analysis  of  such  a structural  system 
is  not  known,  by  Turbomachines,  Inc.,  to  have  been  accom- 
plished. C.  B.  Bienzeno  8(See  references,  page  ' ) lias 
developed  an  analysis  of  a curved  bar  under  compression  with 
one  restraining  force  at  the  middle  opposing  the  deflection. 

At  this  time  it  is  assumed  that  the  longerons  will  be  capable 
of  sustaining  compression  stresses  on  the  order  of 
oc  “ 15,000  lb/in*  maximum  and  additive  bending  stresses  of 
“ 15,000  lb/in2  maximum  for  the  purpose  of  this  study. 

The  analytical  solution  of  a curved  longeron  in  compression, 
loaded  and  restrained  by  distributed  forces  along  its  length 
opposing  the  deflection  from  the  end  load,  is  a much  desired 
tool  to  be  developed  in  the  near  future.  Discussion  in  this 
direction  is  described  in  section  5 and  also  in  section  1.7  ,. 
indicating  the  magnitude  of  this  stablizing  effect  of  the 
skin  and  the  relief  of  the  bending  moment  on  the  longerons 
especially  on  top  of  the  hull.  The  longerons  at  stations 
lower  than  tt  [at  the  top),  are  loaded  progressively  less  by 
compression  as  well  as  bending  (in  the  deflated  hull  con- 
dition), but  more  in  torsion,  toward  station  tt/2  at  the 
equator,  as  indicated  in  Appendix  I)  . The  longerons  are 
rigid  in  torsion,  especially  with  the  hull  skin  stabilizing 
them.  This  case  is  not  discussed  further  in  this  report. 

Due  to  radial  growth  of  the  hull  shell  under  pressure,  the 
longerons,  being  attached  to  the  main  frames,  will  be  sub- 
jected to  bending  loads  between  frames.  Local  "doubler" 
reinforcements  are  needed  inside  their  apex  cornices  to  limit 
the  stresses  at  each  frame.  This  was  also  investigated  by 
a computer  program  and  is  reported  in  section  5.  The  con- 
struction process  of  a Metalclad  hull  is  described  in 
section  11,  and  at  this  point  it  need  only  be  stated  that 
the  progressive  assembly  of  the  hull  will  not  have  to  contend 
with  excessive  deformations  of  the  uncompleted  peripheral 
structure  because  of  a j ury -structure  used  to  unload  the 
structure  of  the  hull.  A light  jury  structure  will  also  be 
used  for  fixing  the  dimensions  between  two  adjacent  main 
frames  to  alleviate  the  loading  conditions  during  the  part- 
ially completed  hull  assembly.  The  investigation  under 
section  1.2  discusses  the  capability  of  the  structure  at 
the  top  of  a completed  hull  to  carry  static  loads  when  not  . 
under  pressure.  During  construction,  the  loading  of  the 
longerons  and  secondary  frames  will  not  be  as  high  as  noted 
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above,  in  the  "loss  of  pressure"  condition.  The  external 
flight  loads  were  investigated  on  the  MC-2Q0  for  a pitched 
flight  condition  but  were  not  completed  when  it  was  clear 
that  the  hull  moments,  such  as  turning  and  yaw  were  much 
lower  than  the  maximum  aerodynamic  moment.  (This  is  espec- 
ially true  when  considering  the  gust  moment.)  The  "envelope" 
moment,  as  suggested  by  D.  E.  Woodward, h was  used  for  the 
purpose  of  analysis  in  this  report.  Within  this  "envelope" 
moment  are  contained  all  controls  moments.  This  moment, 
actually  two  moment  envelopes,  one  with,  and  one  without 
the  pressure  is  the  determining  criterion  for  the  hull  de- 
sign in  the  inflated  condition,  as  well  as  the  deflated 
condition  with  flight  at  reduced  speed. 


Note:  "Envelope"  is  shown  in  Section  2,  page  64  Figure  6. 


^‘Proceedings  of  the  interagency  Workshop  on  LTA  Vehicles, 
FTL  Report  P75-2  , January , 1975  . 
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1.3  HULL  DATA  ANALYZED  FOR  ALL  HULL  SIZES. 


- See  The  Following  Tables 
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Si. 

IV 
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1.3  HULL  DATA  ANALYZED 

FOR 

ALL  HULL  SIZES. 

Item 

MC-100 

Number  of  main  frames 

zmf 

■ 

9 

Number  of  secondary  frames 

zsf 

19 

Numbor  of  longerons 

2i 

42 

Maximum  hoop  stress,  top  of 
the  hull 

°TST 

, lb/in2 

32,850 

Maximum  hoop  stress,  bottom 
of  the  hull 

°TSB 

, lb/in2 

32,661 

Maximum  longitudinal  tension 
stress  top  of  the  hull 

°LST 

, lb/in2 

21,642 

Maximum  longitudinal  stress 
bottom  of  the  hull 

°LSB 

, lb/in2 

21,250 

External  hull  surface  area 

V 

ft2 

297,467 

Surface  length,  bow  to  stern 

Lg  , 

ft 

7-74.  1 

Volume  of  maximum  size  cell 

vc» 

ft3  (10)  6 

1.689 

Total  weight  of  shin 

ws, 

lb 

100,690 

Total  weight  of  seams 

Total  weight  of  main  frames 

Wse> 

Wp , 

lb  included  in  the  weight 

of  the  skin 
lb  30,328 

Total  weight  of  secondary 
frames 

W£> 

lb 

7,8  81 

Total  weight  of  longerons 

Wj  , 

lb 

35,528 

Total  weight  of  cell  diaphram 

wd- 

lb 

17  ,538 

Total  weight  of  lifting  hull 

Wo- 

lb 

191,965 

Maximum  height  of  longerons 

in . 

9.  S3 

Longeron  area/Skin  area 

, 14236 

Fullness  of  cells  at  si  for 
5,000  ft  ceiling 

. 86163- 

*Unpaintcd 
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MC- 125 

MC- 1 50 

MC- 175 

MC 

9 

9 

9 

9 

19 

19 

19 

19 

42 

44 

46 

48 

32,850 

32,850 

32,850 

32,850 

28,166 

31,585 

28,574 

31,172 

21,005 

21,328 

19,968 

19,968 

20,237 

20,304 

20,382 

20,382 

345,220 

389,79  9 

431,981 

472,201 

833.9 

886.1 

932.8 

9 75 

2.115 

2.538 

2.961 

3, 

124,143 

148,434 

173,638 

199,794 

included 

in  the  weight  o£ 

skin 

37,910 

45,492 

53,073 

60,655 

9,8.52 

11,822 

13, 792 

15,763 

41,227 

46,556 

51,594 

56,398 

20,354 

22,982 

25,469 

27,841 

233,486 

275,286 

317,566 

360 ,451 

10.27 

10.9 

11.5 

12. 

. 14236 
. 86163 


. IS  333 
. 86163 


.15545 
. 86163 


3.369 


• 17105 
. 86163 


Xts0  (-•«  ■;. 
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. Itom 

MC-100 

Radial  deformation  of  the 
shin  due  to  maximum 
pressure  with  Poisson's 
effect 

AR,  in 

1.978  0 

Specific  weight  of  skin  per 
ft 3 of  displacement 

wsv,  lb/ft3 

0 .010  07 

Specific  weight  of  skin  per 
ft2 

wsa,  lb/ft2 

0 .33849 

Specific  weight  of  hull  per 
ft  3 

w0,  lb/ft3 

0,  .019  20 

Reynolds*  number,  at  si 

Re0,  (10)  8 

7.80964 

Reynolds'  number,  at  10,000ft 
altitude 

Rc10  (10)  8 

6.10611 

Dynamic  pressure  at  si 

q0,  lb. /ft 2 

33.903 

Dynamic  pressure  at  5,000  ft 
altitude 

q5»  lb/ft2 

29.214 

Dynamic  pressuro  at  10,000ft 
altitude 

q -lb/ft2 

10* 

25.037 

Approximate  drag  of  hull, 
at  si,  100  knots 

»o>  lb 

23,605.0 

Approximate  drag  of  hull  at 
5,000  ft  altitude,  lOOknots 

n5,  ib 

20,340.6 

Aproximate  drag  of  hull  at 
10,000  ft  altitude,  loo 

knots 

Area  of  maximum  diameter 
hull  section 

Dio»  lb 

A,  ft2 

17,432.0 

20,5  88.0 

Drag  coefficient  of  hull 
alone 

CD 

.015* 

Power  at  si,  100  knots 

N0,THP 

7,  249,0 

Power  at  10,000  ft  altitude, 
100  knots 

n10,tmp 

5,2.53.0 

* Refer  to  page  61. 
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MC- 125 

MC-150 

2.562 

2.760 

0.00993 

0.00990 

0.3596  1 

03808 

» 

0.01868 

0.01835 

8.41266 

8.93988 

6. 57761 

6.98982 

33.903 

33.903 

29.213 

29.213 

25.037 

25.037  . 

27,391.0 

30,931.0 

23,602.0 

26 , 6S2 . 0 

20,228.0 

22,842.0 

23,890.0 

26,978.0 

0.015 

0.015 

8,412.0 

9,499.0 

6,212.0 

7,015.0 

MC- 1 75 

MC- 200 

3.087 

3.228 

0.00992 

0.00999 

0.40196 

0,42  31 

0.01815 

0,01802 

9.41118 

9.83954 

7.35831 

7.69323 

33.903 

33.903 

29.213 

29.213 

25.037 

25.0,3  7 

34,279.0 

37,470.0 

29,537.0 

32,287.0 

25,314.0 

27,671.0 

29,898.0 

32,682.0 

0.015 

0.015 

10,527.0 

11,507.0 

7,774.0 

8,498.0 

■ -*u. 
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Item 

MC-100 

Gross  volume  of  the  hull 

VQ , ( 1 0 j 6 ft3 

10.002 

Gross  displacement  lift  at 

s2 

L , (10)  5 lb 

6. 536S7 

Maximum  diameter 

D,  ft 

161.91 

Length 

L,  ft 

728. 58 

Distance  of  maximum  Dia 
station  from  bow 

V £t 

262.29 

Distance  of  maximum  Dia 
station  from  stern 

as*  ft 

466. 29' 

Fineness  ratio 

L/D 

4.5 

Prismatic  coefficient 

.6667 

Volume  ratio,  V-^qq  = 1,0 

VV100 

1.00 

Length  ratio,  « 1.0 

*‘i^L100 

1. 00 

Diameter  ratio,  D100  « 1.0 

Di/D100 

1.00 

Center  of  buoyancy  from  bow 

tCB»  ft 

338. 79 

Maximum  aerodynamic  moment 

Mae,  (10)  6 ftlb 

22.931 

Maximum  gust  moment 

M , (10) ’ 6 ftlb 
m 

23.759 

Maximum  gas  head  moment 

Mg,  (10)  6 ftlb 

1.7634 

Fullness  of  cells  at  si  for 
10,000  ft  ceiling 

. 73878 

Maximum  air  pressure  in  hull 

p,  lb/in2 

.6143 

Maximum  flight  air  pressure 
in  the  hull 

p,  in  wc 

17.0 

Maximum  skin  thickness 

t , in 

.020 

Number  of  gas  cells 

zc 

9 

Number  of  air  sub-volumes 

Za 

4 
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m 


MC-125 

MC- 150 

MC- 175 

MC- 200 

12.500 

15.000 

17.5-0  0 

20.000 

8.16875 

9.80250 

11.43625 

13.07000 

174.41 

185.34 

195.11 

203.99 

784.83 

834.02 

877. 99 

917.95 

282.54 

300.25 

316.07 

330.46 

502.29 

533.  77..  . 

561.91 

587.49 

4.5 

4.5 

4.5 

4.5 

.6667 

. 6667 

. 6667 

.6667 

f . 25 

1.  50 

1.  75 

2.00 

1.0772  ' 

1.1447 

1.2051 

1.2599, 

1.0772 

.1,1447 

1.  2051' 

1.2599 

364.92 

387.83 

408. 26 

426.85 

28.54 5 

35.638 

40.129 

45.864 

29.588 

35.638 

41.  577. 

47.520 

2.3745 

3.0280 

3. 7188 

4.4436 

: . 73878 

' .73878 

. 73878 

. 73878 

.60106 

.62968 

. 59464 

. 56125 

16.64 

17.43 

16.46 

15.54 

.022 

.024 

.024 

.024 

9 

9 

9 

9 

4 


4 


4 


4 
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Note  : 

Useful  Load  - lift  at  a given  altitude 
deadweight  of  the  hull. 


Item 

Total  lift  for  5,000  ft 
ceiling 

Ls.  lb 

Useful  load  for  5,000  ft 
ceiling 

Us,  lb 

Useful  load  for  5,000  ft 
ceiling/Hull  weight 

VW° 

Total  lift  for  10,000  ft 
ceiling 

L10»  lb 

Useful  load  for  10,000  ft 
ceiling 

u10-  lb 

Useful  load  at  sea  level/ 
hull  weight 

Vwo 

Useful  load  for  10,000  ft 

ceiling/Hull  weight  l,10^Wo 


Power  at  5,000  ft  Alt, 

100  knots 

N,S,THP 

Speed  at  5,000  ft  Alt, 
with  si  power 

ug,  knots 

Maximum  available  lift  gas 
volume 

Y ftS 

Lift  for  5,000  ft 
Kdtl°*  LTft"ToT'ToydOO It 

L5/L10 

Air  space  in  the  hull 

to  lift  % gross  displace- 
ment 

•V* 

Useful  load  for  5,000  ft 
ceiling/Lift  for  5,000  ft 
ceiling 

VL5 

ceiling  minus  the 
MC-100 

551.879.0 

259.914.0 

1,8749 

473.199.0 

281 .234.0 

2-.  336  2 

1.4650 

6,240.0 
116.06 
(9.8) CIO) 6 

1.1663 

2.00 


0,65216 


MC-125 

MC- 150 

t 

MC-17S 

MC-20Q 

692,665.0 

833,478.0 

974,264.0 

1,115,021.0 

459,179.0 

558,192.0 

656,698.0 

754,520.0 

1.9666 

^ 2.0277 

2.0679 

2.0934 

593,844.0 

\ 

714,651.0 

835,365.0 

956 ,055. 0 

360,358.0 

439,365.0 

517,799.0 

595,604.0 

2.4426 

2.5135 

2.5606 

2.5897 

1.5434 

1. 5960 

1.6305 

1.6524 

7,240,0 

8,178.0 

9 ,060.0 

9,904,0 

116.06 

116.06 

116.06 

116.06 

(12.3)  CIO)  6 

(14.  8005)  (1 0) 6 

(17. 3005) (10)6 

(19.8) (10)6 

1.1663 

1. 166  3 

1.1663 

1.1663 

1.60 

1.  33 

1.14 

1.00 

0.66292 

0.66971 

0.67404 

0,67669 

Item 


MC- 100 


Useful  load  for  10,000  ft 


ceiling/Lift  for  10,000  ft 
ceiling 

UlVl'10 

0.59432 

Weight  of  primer  and  paint, 
external  hull  surface  and 
longerons 

Weight  of  primer,  internal 
air  space  surface 

V lb 

W , lb 

P1 

10,236.0 

3,576.0 

Ratio  of  painted  hull  weight/ 
Unpainted  hull  weight 

VW° 

1.0719 

Weight  of  hull  with  paint 

"V  lb 

205,777.0 

Lift  at  sea  level,  fully 
inflated,  (for  reference) 

1-0  • lb 

640,430.0 

Useful  load  at  sj,  (for 
reference) 

V lb 

448,465.0 

Useful  load  at  sl/Hull  weight 

Vwo 

2.3362 

Useful  load  at  sl/Lift  at  si 

Vbo 

0.7003 

Useful  load  at  sl/Useful  load 
at  5,000  ft  ceiling 

VU5 

1.2460 

Useful  load  at  sl/Useful  load 
at  10,000  ft  ceiling 

VU10 

.* 

1. 5946 

Ratio:  Lift  at  5,000  ft 
ceiling/Lift  at  si 

VL0 

0.  8617 

Ratio:  Lift  at  10,000  ft 

ceiling/Lift  at  si 

ho/lo 

0.7389 

Speed  at  10,000  ft  altitude, 
with  si  power 

YlO- 

knots 

135.42 
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MC-125 

MC-150 

MC-175 

MC- 200 

0.60682 

0.61480 

0.61985 

0.62300 

11,814.0 

13,393.0 

14,971.0 

16,549.0 

4,123.0 

4,668.0 

5,214.0 

5,761.0 

1.0683 

1.0656 

1.0636 

1,0610.. 

249  ,423.  0 

293,347.0 

337,751.0 

382,767.0 

803,805. 0 

967,221.0 

1,130,588.0  1 

,293,930. 0 

570,319.0 

691,935.0 

813,022.0 

933,473.0 

2. 4426 

2.5135 

2.5601 

2.5897 

0. 70952 

0,71538 

0.71911 

0. 72142 

1.2420 

1.2396 

1.2380 

1. 2372 

1. 5826 

1.5748 

1.5701 

1.  5673 

0. 86173 

0.86173 

0.86173 

0.  86173 

0. 73879 

0.73887 

0.73888 

0. 73888 

135.42 

135.42 

135.42 

135. 42 
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Item  MO 100 


Total  hull  weight  / 
gross  displacement  lift 

Wn/L=  X 

0.29375 

Total  hull  weight(painted)/ 
gross  displacement  lift 

0.31488 

Total  hull  weaght/lift  at 
sea  level 

VLo=  *0 

0.29974 

Total  hull  weight (painted) / 
lift  at  sea  level 

'Vop/Lo“  *op 

0. 32131 

Total  hull  weight/lift  for 
5000  ft  ceiling 

VLS"  ^ 5 

0. 34784 

Total  hull  weight (painted) / 
lift  for  5000  ft  ceiling 

Wop/LS=  XSp 

0. 37287 

Total  hull  weight/lift  for 
10,000  ft  ceiling 

Wo/L10“  *10 

0.40567 

Total  hull  weight (painted) / 
lift  for  10,000.:  ft  ceiling 

^op^'lO62  *l0p 

0.43486 

Note:  are  based  on  gross  displacement  lift  (L ) 

minus  air  space. 
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MC- 150  MC- 175 


MC- 200 


0.28583 

0.28083 

0.27768 

0.  27578 

0. 30534 

0.29926 

0.29533 

0. 29285 

0.29048 

0. 28462 

0.28089 

0.27857 

0, 31030 

0. 30329 

0.29874 

0.29581 

0. 33710 

0. 33029 

0.32595 

0.32327 

0. 36009 

0.35196 

0.34667 

0.34328 

0. 39318 

0.38520 

0.38006 

0.37702 

0.42001 

0.41048 

0.40432 

0.40035 
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1.4  LIMITATIONS  OF  THE  ANALYSIS  The  analysis  is 

deliberately  limited 'to  the  lifting structure  of  the  hulls 

and  excludes  all  other  structure  needed  for  the  support  of 
weight  loads,  control  forces,  landing  forces,  etc.,  except 
the  main  frames,  which  are  loaded  by  weight  loads  corres- 
ponding to  the  lift  acting  on  them.  The  lifting  hulls  must 
be  capable  of  a speed  of  100  knots  and  will  sustain  all 
external  loads  and  moments  related  to  this  speed.  A maximum 
ceiling  of  10,000  ft.  is  assumed  in  the  report  where  it  is 
applicable.  The  MC-100  and  MC-200  are  considered  as  two 
boundary  hulls  and  are  analyzed  in  greater  depth  than  the 
MC-125,  MC -150  and  MC-175.  The  significant  weight  values 
for  these  latter  hulls  are  interpolated  from  the  values  of 
the  two  boundary  hulls.  All  results  are  tabulated  for  access 
and  comparison  and  some  are  plotted.  This  exploratory  analy- 
sis is  designed  to  determine  loading  and  weight  parameters 
with  increasing  hull  size.  The  exploratory  nature  of  the 
analysis  leads  at  times  to  a degree  of  inconsistency  of  re- 
sults, particularly  due  to  the  changing  concepts  of  design 
during  the  work  of  generating  and  assembling  the  output 
material  for  this  report.  However,  in  weight  statement 
preparation,  these  discrepancies  do  not  exist. 

A Metalclad  system  of  structures  in  a Metalclad  hull  and 
the  elastic  interaction  between  the  structure  and  the  skin 
is  defined  in  this  report.  This  was  of  secondary  importance 
in  ZMC-2,  due  to  its  small  size  and  greater- than -needed  skin 
thickness.  In  the  hulls  considered  in  this  report,  this  is 
of  primary  importance.  Careful  attention  was  paid  to  the 
determination  of  skin  weight,  the  largest  part  of  the  total 
weight,  by  proportioning  the  thickness  over  the  surface  of 
a hull  not  only  in  the  longitudinal  direction  but  also  cir- 
cumferentially, to  the  greatest  extent  possible.  Standard 
skin  gauges  were  specified  in  all  cases.  The  skin  thickness 
is  greater  on  top  than  on  the  bottom  of  the  hulls,  because 
in  low  fineness  ratio  hulls,  the  gas  head  is  significant  in 
its  influence  on  the  value  of  transverse  stress.  More 
thorough  computer  analysis  is  needed  to  define  the  elastic 
interaction  of  the  skin  and  the  structure  under  internal 
pressure.  Results  of  this  analysis  will  lead  to  some  weight 
reduction  of  the  structure. 

Similar  weight  reduction  can  be  expected  from  the  future  use 
of  non-standard  sheet  gages  for  the  hull  shell  skin;  in 
this  report,  only  standard  gages  are  used.  The  use  of  stand- 
ard gages  compels  the  use  of  the  next  higher  gage  with  an 
unnecessary  weight  increase.  Non-standard  gages  will  permit 
greater  differentiation  of  skin  thickness  distribution  over 
the  hull  surface,  without  adversely  affecting  the  required 
strength  of  the  skin.  The  amount  of  skin  sheet  required 
for  construction  of  Metalclad  hulls  is  large  enough  to  justify 
■the  use  of  non-standard  gages. 


The  weight  study  used  conservative  values  wherever  a degree 
of  uncertainty  appeared.  In  an  actual  design  this  conserva- 
tive influence  would  be  reduced  and  a most  careful  control 
of  weights  throughout  the  design  would  be  instituted. 

The  weight  analysis  completely  disregards  structures  that 
have  no  relation  to  lift.  This  implies  a conservative 
limitation  of  the  results  in  an  actual  hull  design  because 
structure  necessary  for  functional  reasons  will  contribute 
to  flight  strength;  particularly,  to  the  strength  of  the 
deflated  hull  if  pressure  should  be  irreparably  lost  in  a 
major  volume  coll.  One  such  structure  will  be  at  the  bottom 
of  the  hull  for  habitation  and  weight  load  support.  Another 
structure  will  provide  an  access  corridor  at  the  top  of  the 
hull,  connecting  all  main  frames,  as  noted  in  section  1.1  . 
These  structures  will  eliminate  the  need  for  longerons  at 
their  local  peripheral  stations  because  the  skin  will  be 
supported  in  a deflated  condition  by  them  indirectly.  In 
the  weight  analysis,  all  these  potentially  useful  contribu- 
tions of  internal  structures  are  disregarded. 
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1.5  EXPLANATION  OF  TUI:  MULL  FORM  The  hull  form  of 
Metalclad  airships  lias  been  given  a thorough  study.  The 
first  consideration  in  those  studies  was  that  Metalclad 
airships  should  not  have  high  fineness  ratios  but  rather 
favor  ratios  in  the  range  of  4 to  5 , where  the  drag  co- 
efficient is  almost  constant  as  far  as  is  known,  even  in 
very  large  sizes.  Next,  several  forms  of  hulls  were,  con- 
sidered , .among  them  envelopes  based  on  NASA  644  - 02T  and 

65, 3-018 1 profiles;  these  were  discarded  due  to  their  low 
prismatic  coefficients  and  large  slopes  of  the  profile  to- 
ward the  stern  trailing  tip.  This  latter  consideration 
has  gained  importance  in  modern  times  because  it  is  strongly 
suspected  that  vibrations  of  airship  hulls  experienced  in 
the  stern  region  were  caused  by  shedding  of  vortices  as 
the  boundary  layer  (BL)  separated  at  random,  especially  at 
high  speed  of  flight.  Stern  vibrations  are  well  known  in 
marine  ships;  in  some  instances,  they  were  so  violent,  that 
the  sterns  had  to  be  reinforced.  In  the  past,  these  vib- 
rations were  tnuforinally  blamed  on  the  propellers.  Pro- 
pellers are  turbomachines  and  when  they  function  properly, 
they  do  not  vibrate  as  violently  as  indicated  by  ship  hulls; 
on  the  other  hand,  if  the  water  enters  them  in  a turbulent 
state,  caused  by  separation  along  the  rapidly  converging 
sides  of  the  stern,  the  propellers  will  run  with  induced 
vibrations,  the  origin  of  which  is  not  in  their  nature  but 
in  the  turbulence. 

Similar  circumstances  exist  along  airship  hulls  as  the  air 
mass  flows  toward  the  stern.  The  BL  separates  in  a random 
pattern,  causing  shedding  of  vortices  which  induces  powerful 
forces  to  arise  on  the  hull  surface,  and  in  turn  causes 
dynamic  impact  on  the  stern  part  of  the  hull  and  vibrations 
of  its  structure.  These  vibrations  existed  in  all  skeletal 
airships,  in  spite  of  the  damping  effect  of  their  fabric 
cover.  In  Metalclad  airships,  they  would  be  more  severe, 
due  to  the  rigidity  of  the  surface  of  the  inflated  hull. 

This  consideration  has  guided  the  thinking  about  the  form 
of  the  stern  of  Metalclad  hulls  more  than  any  other.  The 
obvious  countermeasure  is  the  suppression  or  at  leas.,  re- 
duction, of  the  BL  separation;  this  has  now  become  a major 
factor  in  Metalclad  hull  design  and  the  study  tacitly  assumes 
that:  all  five  hulls  of  this  report  would  have  controlled  BL, 
to  some  useful  extent. 

There  are  several  ways  to  achieve  this  end.  Some  of  them 
are  complementary  and  all  but  one,  outside  the  scope  of  this 
report.  One  promising  method  is  the  suction  of  the  BL  into 
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the  hull  by  an  internal  propulsion  power  plant,  which  then 
imparts  momentum  to  this  air  mass  and  jets  it  through  a 
tunnel  duct  at  the  end  of  the  stern;  the  motion  of  the  free 
jet  (cold  air)  has  a second  effect  on  accelerating  the  BL 
suggested  in  the  paper  by  Carmen  J.  Mazza.-' 

A hull  using  this  method  can  be  more  full  in  the  stern  part 
with  consequent  reduction  of  the  hull  stern  envelope  slopes, 
thereby  displacing  the  station  separation  further  aft 
(Schl ichting ) . This  is  the  method  considered  within  this 
report.  Greater  fullness  of  the  hull  stern  provides  higher 
lift  than  do  hulls  with  pointed  sterns.  The  best  envelope 
curve  that  fits  into  this  requirement  is  an  ellipsoid  there- 
fore the  hull  form  is  composed  of  a bow  ellipsoid  with  its 
major  axis  equal  to  the  distance  from  the  bow  to  the  station 
of  the  maximum  diameter  and  a stern  ellipsoid  with  its  major 
axis  length  from  the  station  of  maximum  diameter  to  the  tip 
of  the  stern.  Prior  stern  envelope  surveys  were  composed 
of  a hyperboloid,  commencing  at  the  maximum  diameter  station 
and  joining  an  ellipsoid  at  the  stern.  This  form  was  not 
used  on  the  hulls  of  this  report  because  it  does  not  have 
adequately  slow  slopes  along  the  hull  curve.  The  maximum 
diameter  station  was  moved  from  the  original  (.40)1.  location 
to  (,36)L  location  from  the  bow  to  adjust  the  slopes  of  the 
stern  ellipsoid.  The  hull  ellipsoids  have  not  only  the  first 
derivatives  on  a smooth  curve  at  all  longitudinal  stations, 
but  the  second  derivative  is  also  a smooth  curve,  without 
any  discontinuities  in  the  rate  of  change  or  hull  envelope 
slopes. 

Considered  also  was  the  hull  envelope  curve  described  by 
Pake  and  Pipitone,!  a deviation  from  airfoil  sections  de- 
signed for  complete  RL  removal.  It  is  difficult  to  resist 
the  attractiveness  of  these  forms,  particularly  because  they 
are  also  suitable  for  stern  located  power  plants  of  the  con- 
cept mentioned  above,  however  not  enough  is  known  at  this 
time  to  base  a comparative  study  on  this  hull  form. 

Originally,  the  removal  of  the  BL  was  looked  upon  as  the 
gain  in  reducing  the  hull  drag  coefficient.  This  purpose 
continues  to  be  valid  but  the  BL  removal  has  acquired  a new 
importance  in  its  power  to  supress  or  at  least,  to  reduce 
the  stern  vibrations  which  in  Metalclad  hulls  must  be  a 
prime  consideration.  The  proposed  hulls  are  drawn  up  with 


‘ C..J.  Mazza  - Proceedings  of  the  Interagency  Workshop  on 
. LTA  Vehicles,  MIT,  1975,  P.  133. 

K’  Sch'lichting-  Boundary  Layer  Theory,  1955  , McGraw-Hill. 

I,  I'.  A.  Pake  and  S . T.  Pipitonc  - Proceedings  on  LTA  Vehicle* 
FTL  Report.  - R75-2,  Jan.  19  75  , Page  147. 


these  factors  in  mind  while  an  additional  improvement  from 
this  effort  has  appeared,  viz.,  the  higher  prismatic  co- 
efficient of  the  studied  Metalclad  hulls,  with  greater  lift 
in  the  stern,  where  most  prior  airships  were  always  deficient 
in  lifting  power. 
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1.6  FACTORS  OF  SAFETY.  The  hulls  are  projected  to  be 
made  of  Alclad  7 OS 0 - T 7 6 sheets  and  extrusions.  The  mechanical 
properties  of  7050-T76  Alclad  are  noted  below:171 


Alloy 

7050  Alclad 

Form 

Sbee  t 

Temper 

T76 

;ness,  in.  .015 

- .039 

.040- .187 

atu,  lb/in2 

L 

73,000 

75,000 

cty f lb/in£ 

L 

64,000 

66,000 

acy>  lb/in2 

L 

61,000 

64,000 

^su,  lb/in" 

44,000 

45,000 

e 4 

LT 

7 

8 

E,106,  lb/in2 

10.2 

Ec,106,  lb/in2 

10.6 

E,106,  lb/in2 

10.4 

(Used  in  this 

The  factor  of  safety  used  in  this  report  is  two  (2),  with 
respect  to  atu  and  1.5. , with  respect  to  c,  . The  latter  case 
will  apply  in  tension  as'well  as  compression^and  shear. 


The  maximum  allowable  stresses  are: 


Load 

Stress : 

7050-T76 

sheet 

thickness 

.015- .039 

.040 

-.187 

°tu, 

lb/in2 

L 

36, 500 

37, 

500 

°ty, 

lb/ in^ 

L 

42,667 

44, 

ooo 

°cy, 

lb/ in2 

L 

40,667 

42, 

667 

Tsu, 

lb/in2 

22,000 

22  , 

500 

minimum  gage  of 

.015 

in. , given 

in  ref 

erence  ,n 

of  this 

report  is  too  high  for  some  hull  skin  areas  and  sheet-corruga- 
tion panel  assemblies.  Sheets  thinner  than  this  limitation 
would  have  to  be  produced  in  the  Alclad  form  down  to  a minimum 
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thickness  of  .005  in.  All  seams  between  hull  shell  skin  gore 
panels,  base  skin  of  the  structure  and  also  seams  joining 
components  of  girders  arc  specified  (Section  8.  and  8.1)  as 
bonded  and  riveted  for  reasons  of  sealing  and  increase  of 
strength  due  to  continuous  adhesion  of  thin  components  with 
thicker  cornice  materials  that  join  into  thick  assemblies  along 
the  seams.  In  past  experience,  absence  of  adhesion  in  longi- 
tudinal seams  of  girders  has  caused  failing  by  premature 
buckling  between  rivets. 

Riveted-bonded  seams  are  described  in  Section  8.  and  all  seams 
are  designed  with  higher  than  100%  efficiency,  which  is 
possible  with  bonding.  In  strength-weight  analysis  this  is 
decreased  to  .90  of  the  ultimate  strength  of  the  metal. 

All  structures  use  7050-T76  extrusions.  Extruded  7050  alloy  of 
different  tempers  than  T76  is  reported  in  Reference  • The 
mechanical  properties  of  extruded  7050  alloy  are  higher  than  of 
Alclad  7050  but  this  is  neglected  in  this  report  and  the  same 
property  values  are  used  for  extrusions  as  well  as  for  Alclad. 


1 • 7 EUNCTION  jQF-  INDI VI  DUAL  COMPONENTS  : MAIN  FRAMES. , 

SECONDARY  .FRAMES  AN II LONGERONS.  The  principal  component  of  a 

Metalclad  hull  shell  is  the  skin,  bonded  by  leak-proof  seams 
joining  individual  gore  panels  between  longerons.  The  function 
of  the  skin  is  to  contain  the  lifting  gas  and  the  super- 
charging air.  The  lifting  forces  of  the  gas  press  on  the  skin, 
the  main  frames,  and  the  intermediate  frames  to  hold  the  hull 
shell  circular.  This  compels  the  lift  forces  to  generate 
shears  on  the  sides  of  the  hull.  In  turn,  this  transfers  the 
lift  loads  to  the  main  frames,  where  the  lift  forces  are 
resisted  by  the  weight  loads.  The  longerons  play  a role  in 
stabilizing  the  skin  in  shear.  This  role  increases  as  the 
internal  pressure  decreases  and  the  secondary  frames  and 
longerons  take  up  loads  with  slackening  skin  due  to  a drop  in 
pressure  or  the  complete  loss  of  pressure  in  flight.  During 
the  construction  of  the  hull  the  longerons  provide  support  in 
the  absence  of  pressure.  The  hull  shell  must  be  built  of  as 
light  a gage  of  skin  as  possible,  because  the  major  part  of 
the  hull  weight  is  in  the  skin.  This  precondition  also 
determines,  as  the  next  step,  the  necessary  number  of  longerons 
to  support  the  skin  adequately  in  its  slack  state,  The  back- 
ground for  this  is  the  experience  with  the  ZMC-2  expressed 
by  a parameter  which  ties  together  the  skin  thickness,  its 
unsupported  width,  and  the  radius  of  its  curvature,  Section  7. 
The  least  possible  thickness  of  skin  also  determines  the  hull 
air  pressure  at  which  the  maximum  allowable  transverse  stress 
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can  be  set  up.  Therefore,  the  skin  thickness  is  determined 
by  the  highest  acceptable  internal  air  pressure,  the  practical 
manufacturing  and  handling  characteristics  of  thin  plates,  a 
reasonable  number  of  longerons  and  the  consideration  of 
slope  of  deformation  of  skin  as  the  more  rigid  structure  is 
approached. 

It  is  inherent  in  Metalclad  structures  that  the  number  of 
longerons  be  larger  than  in  the  historically  large  skeletal 
airship  hulls.  It  is  not  known  to  what  lower  value  the 
paramenter  £ can  be  reduced.  Indications  are  that  it  is  now 
too  high,  yet  there  is  no  experimental  evidence  on  how  much 
lower  it  can  reasonably  bo. 

There  are  no  singular  values  for  the  determination  of  Metal- 
clad hulls  and  their  structural  members.  Design  relations 
have  to  be  arrived  at  by  successive  approximations  for  what 
can  be  considered  the  optimum  compromise  of  weight,  simplicity 
comparative  rigidity,  stability  and  strength  under  all  con- 
ditions of  construction  as  well  as  flight  operation. 
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1.8  DKTHPMrNATION  OF  THE  SIZE  OF  CELLS  The  largest 
volume  cell  inevitably  is  located  at  or  near  the  maximum 
hull  diameter.  Cells  forward  and  aft  of  this  location  are 
smaller  in  volume,  principally  due  to  a limiting  length  of 
longerons  between  two  main  frames  with  radial  cell  bulkheads. 

If  the  largest  cell  should  lose  its  inflation  gas,  a sagging 
bending  moment  will  occur,  resisted  by  longerons  which  must 
be  sufficiently  strong  and  rigid  to  sustain  this  loading  as 
well  as  some  value  of  the  maximum,  aerodynamic  or  gust  bend- 
ing moment  at  a reduced  speed  of  flight,  to  return  to  the 
home  base.  In  Metalclad  airships  a second  emergency  condition 
may  arise,  if  in  addition  to  the  loss  of  lift  of  the  largest 
cell,  the  air  sub-volume  in  which  it  is  located,  should  also 
lose  a part  or  all  of  its  air  pressure.  The  loading  of  long- 
erons in  this  case  is  discussed  under  Section  S. 

This  section  of  the  report  considers  the  determination  of 
the  size  o f the  maximum  cell  volume.  The  loss  of  lift  from 
deflation  of  this  cell  will  have  to  be  made  up  by  one  or  more 
of  the  following  lifting  forces: 

1.  Lift  of  the  hull  at  a pitch  angle  in  flight  at  re- 
duced speed,  at  full  propulsion  power. 

2.  Lift  of  downward  aiming  thrustors;  no  more  than 
80%  of  their  total  downward  capacity.  * 

3.  Heating  of  lifting  gas  by  fuel,  no  more  than  60% 
of  the  total  remaining  lifting  gas  volume.  * 

4.  Dumping  of  fuel;  (no  ballast  is  expected  to  be 
carried,  because  with  thrusters,  none  is  necessary). 

Of  these  four  lifting  measures,  heating  of  gas  is  least 
effective;  dynamic  lift,  and  the  lift  of  thrustors  are  most 
effective.  Dumping  of  fuel  is  undesirable  except  in  extreme 
emergency.  At  full  power  and  with  heating  of  gas,  fuel 
consumption  will  increase  at  an  abnormal  rate  and  in  this 
respect,  maintenance  of  lift  equilibrium  is  going  to  be 
assisted. 

To  reduce  largest  cell  volume  would  lead  to  closer  spacing  of 
main  frames  near  the  maximum  hull  diameter  station.  Future 
work  will  require  a compromise  solution.  Closer  spacing  of 
main  frames  near  the  maximum  diameter  station  will  result  .in 


* treasonable  estimates  based  on  preliminary  calculations. 
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several  cells  of  identical  volume  but  smaller  than  the  largest 
cell  of  this  study.  This  is  not  a requirement  of  the  present 
study . 

MC-100 

The  analysis  proceeds  on  the  assumption  that  the  largest  cell 
volume  (or  volumes)  is  inflated  for  a 10,000  ft  ceiling,  and 
the  cell  lift  is  determined  on  the  following  basis: 

The  volume  of  the  cell  is: 

V=  rr  R 2 i - (3.14159) (80. 953)2(83.0)  = 1 . 70  88  (10)  6 ft  3 
Lift  of  this  cell  at  10,000  ft  altitude  is: 

L ■ K10  V » (.04828) (1. 7088) (10)6  = 8.250(10)4  lb 

This  force  must  be  replaceable  via  emergency  measures. 

Upon  loss  of  gas  tight  integrity  of  the  largest  gas  cell  a 
sequence  similar  to  the  following  will  occur.  In  practice 
they  will  initiate  almost  simultaneously,  but  are  taken  as 
separate  functions  for  purpose  of  clarity. 

1.  From  10,000  ft,  the  airship  will  drop  to  near  sea 
level  height. 

2.  Angle  of  pitch  on  the  bow  is  + 20°. 

3.  Full  power  is  maintained. 

4.  801  of  the  thrust  of  downward  directed  thrustors  is 
applied. 

5.  At  least  601  of  the  remaining  gas  volume  is  heated 
to  20°F  above  ambient  temperature. 

Drag  and  lift  coefficients  are  taken  from  NACA  TR394,  page  14, 
Figure  16(A)  (reference  to  page  59)  for  fineness  ratio  of 
4.8,  which  is  close  to  4.5,  for  this  purpose.  The  graphs  of 
Figure  16(A)  indicate  a drag  coefficient  a .020  at  0 a 0°. 

(modified  to  Cn  " .015  on  page  61) 

Hull  drag  at  sea  level, 


l'o  ■ cD  h v!/V,  lb 


(.015) 


. 0764  75 


.0024048  x 106)  2,/3(168.9)2 


D = 


'1.319: 


23,609,  lb  in  level  flight 
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The  speed  of  flight  at  0 

.2 


20°, 


CD  • .055 


U‘ 


2V 


YV'~n 
u2  - 7780.2666 


(2) (23,609) (32. 174) 

(.0 764 7S) (10 . 0024048  x 10 6 ) 2 > 3 ( . 055 ) 


u--  88.205819  ft/sec. 
u - (.  5921)  (88.  205819)  - 52  . 23  knots 
At  this  speed,  0 - 20°,  = .165  the  hull  dynamic  lift  is 

L * (.165).,..07i4.75^i0. 0Q24048  x 106)  2 / 3 C 7780 . 2666) 

L <=  70,827  lb 

Net  total  lift  of  the  hull 

L100  a C.9S)  (10) 7 C . 048279)  « L1Q0  * 458,653  lb 
Downward  directed  thrustors  capacity 

(.10)(L100)  - (. 10) (458,653)  - 45,865  lb 
80%  of  thrustors  effective 


(. 85) (45, 863)  » 38,984  lb 
Heating  of  gas 

state  at  ambient  temperature  y =*  X- 

o K i 0 

state  at  elevated  temperature  ® P.  ^ 


at  higher  temperature,  lift  of  gas  k = Y^j_r"Yj1£ 


forXAir 


constant 


]. 


"O  J o 

kQ,  lift  of  He  at  ambient  temperature 

kp  lift  of  He  at  20°F  higher  than  ambient 
T 

kl  * ko  n T"  a C -065  35)^1-^  = .0678698  lb/ft3,  at  sea 
0 ’ level 

Ak  - .0678698  - .06535  = .0025198  lb/ft3 


Gain  in  lift  by  heating  to  538.69  from  518.69°R  at  sea  level 


nri  ; h 6.  . t It  i 
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Net  gas  volume  at  10,000  altitude 


9,200,000  ft5  full  hull  of  gas  (approximate) 

1,708,800  " lost  cell 

" at  10,000  ft 


At  soa  level: 

C 7 . 792  2) CIO) 6 - (5. 756808)  (10)6  ft3 

60$  of  the  gas  volume  heated  ( . 6)  (S . 756808)  (10) ^ a (3.45408) 

CIO) 6 ft3 

Lifting  forces  due  to  At  = 20°P  temperature  rise  of  gas 
(.  0025198)  (3.45408)  (10)6  «*  8,703  lb 
hull  lift  70,827  lb 
thrustors  38,984  lb 


Lift  due  to 


8,703  lb 


superheated  gasn8>514  lb 
Required  lift:  -82,501  lb 


Excess  margin:  36,013  lb 

No  fuel  needs  to  be  dumped  due  loss  of  lift  of  the  largest 
coll.  Drag  due  to  the  air  columns  of  thrustor  jets,  the 
reduced  speed  of  flight,  and  therefore  the  hull  lift  will 
be  reduced  and  some  fuel  may  have  to  be  dumped.  The  analy- 
sis becomes  complex  at  this  point  for  fuel  consumed  at  high 
rates  will  compensate  favorably  for  the  drag  of  the  thrustor 
jets. 

MO  200 

An  analysis  for  the  maximum  cell  of  hull  is  made  for  MO 2 00. 

V-  itR21  - (3.14159)  (101.9945)  2 (104.0)  - 3 . 398884  (10 ) 6 

ft3 

Lift  of  the  cell  at  10,000  ft.  altitude  is 


k10  V 


(. 04828) (3. 398884) CIO)6  * 16.4098(10)4  lb 
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As  in  the  case  of  MC-100,  with  emerging  loss  of  the  longest 
cell,  the  airship  will  drop  to  near  sea  level  height,  while 
pitching  up  to  0 s 20°,  maintaining  full  power,  and  putting 
into  action  801  of  the  thrust  of  downward- directed  thrustors 
while  heating  at  least  60%  of  the  remaining  gas  volume  by 
20°F  above  ambient  temperature. 

From  NACA  TR  394,  Pago  14,  Figure  16(A),  for  fineness 
ratio  of  4.8,  which  is  close  to  4.5.  for  this  purpose,  the 
graphs  of  Figure  16(A)  indicate  a drag  coefficient  of  Cp=.020 

Cp  = .015  at  6 =0°  (modified  from  ,020(see  page  61) 

Hull  drag  at  sea  level 

D - Cn  2-  V2/3u2  lb 
o D 2g 

D0  » (.015)  i^l^|(20. 0000288  x 106)  2/3(168. 9)  2 

Dq  « (5.085S1S) (10)‘1(7. 36807) (10)4 
D = 37,470  lb 

The  speed  of  flight  at  0 B 20°,  ■ .055 

2 2Do8  (2)  (37,470)  (32,174)  _ 

U " (.076475)  (20.0000288  x 10&)^(.055) 

Y 

u2  = (7.7800574) (10)3 
u « 88.204633  ft/sec. 
u * (. 5921) (88. 204633)  * 52.23  knots 
At  this  speed,  0 a 20°,  Cj  = .165  and  dynamic  lift  of  the  hull: 

I 

L « (.  i65)i07M  75  (20  > 0000288  x 106)  2/3 ( 7780 . 0574) 

L - 112,410  lb 
Capacity  of  the  thrustors 

net  lift  of  the  hull  at  10,000  ft  (approximately) 
l200  ° (-  95)  ( 10)  7 (2)  (.048264)  =>  L2QQ  = 917,016  lb 
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Downward  directed  thrustors  capacity: 

(.10)(L200)  - (.  10)  (917016)  = 91702  lb 
Heating  of  Gas 

equation  of  state  at  ambient  temperature  y«  c P 

RT0 

at  higher  temperature  Yi  b P 

1 KTj. 

Lift  of  gas  k - YAir-Y|le 


Por  YAir 

ko* 

*1. 

kl 

Ak 


constant 


lift  of  He 
lift  of  He 


at  ambient  temperature 
at  20°  higher  than  ambient 


temperature 


- (.  06535)  ■ .0678698  lb/ft3 

.0678698  - .06535  - .0025198  lb/ft3 


Gain  in  lift  by  heating  to  538.69  from  518.69  °R 

Net  gas  volume  at  10,000  ft  altitude 

(19)  (10)°  ft3  full  hull  of  gas  (approximately) 

- (3. 398884) CIO) 6 ft3 
TT5*.  601116)  (10)6  fT3~U  10,000  ft 

At  sea  level: 


.04828 


;wHr'(15-  6 01 11 6)  (10)°  - (11.520(10)°  ft* 

604  of  the  remaining  gas  heated  (. 6)  (11. 526)  (10) ^ = (6.9156) 

(10) 6 ft3 

Lifting  force  due  to  At  - 20°F  temperature 
Rise  of  gas  (. 0025198) (6 . 9 156)  (10)  6 = 17426  lb 
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Hull  lift 
Thrustors 

Lift  due  to  superheated  gas 

Required  lift 
Excess  margin 


112,410  lb 
91,702  lb 
17,426  lb 
221,538  lb 
■164,098  lb 
57,440  lb 


No  fuel  needs  to  be  dumped  in  case  of  loss  of  the- maximum 
volume  cell  of  MC-200.  It  can  be  safely  assumed  that  similar 
relations  can  be  obtained  with  other  sizes  of  hulls  therefore 
the  subject  is  not  discussed  further. 

The  source  of  the  drag  coefficient  used  in.  this  section  is 
the  NACA  TR  number  394  (1931)°,  particularly  the  tests  of 
airship  hulls  carried  out  in  the  closed  throat  variable 
density  tunnel,  shown  in  Figure  16(A)  for  a FR  = 4.8;  this 
ratio  of  tested  hulls  is  closest  to  FRs-4.5,  of  the  studied 
hulls. 

The  drag  coefficient  for  a bare  hull  is  - .020  for  0 *»  0°, 
as  noted  in  Figure  16(A).  This  value  was ^manipulated  to  a 
lower  value  of  Ch.  = .015  for  this  study  only,  in  view  of  the 
following  considerations: 


1. 


2. 


The  TR  394  notes  that  the  drag  coefficient  slightly 
increases  for  bare  hulls  when  the  FR  decreases, 
refer  to  Figures  13(A)  and  (B) . Between  FR  of  4.8 
and  4.5,  this  increase  should  be  very  small. 

The  TR  394  notes  that  surface  roughness  has  a 
powerful  influence  on  the  C^,  expecially  at  higher 
Reynolds'  numbers,  refer  touFigure  20.  Metalclad 
hulls  will  be  smooth,  their  surface  undistorted 
under  loading;  wind  tunnel  test  Cn  of  model  is 
expected  to  be  close  to  the  actual  Cp  of  a full  size 
Metalclad  hull,  at  equivalent  Reynolds ' number. 


3. 


SchlichtingP  shows  in  his  Figure 
over  an  airfoil  can  reduce  the  Cp 
according  to  tests  by  Pfenninger 
Metalclad  hulls  is 
associated  with  BL 


13.14,  that  suction 
by  at  least  50%, 
Propulsion  of 
expected  to  be  inseparably 
control  by  suction,  but  the 


o. 


pNACA  Technical  Report.  No.  394  } 1931 
Boundary  Layer  Theory,  Fchlichcing,  1955,  McGraw-Hill 
Pfcnnigcr,  Page  239  Figure  13.14  . 
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reduction  of  the  C,.  as  hoped  for  is  not  going  to  bo 
as  effective  as  with  the  airfoil  of  Figure  13.14. 

It  appears  possible  that  the  propulsion  involvemont 
with  BL  reduction  could  be  expected  to  reduce  the 
Cj),  obtained  by  wind  tunnel  tests  of  TR  394  , by  25$. 
Tnis  is  to  bo  done  by  two  inputs  of  energy  into  the 
hull  BL;  first  one,  by  suction  at  approximately 
70  - 75$  of  hull  length  and  the  second  one,  by 
the  momentum  of  the  cold  air  thrust  stream  at  the 
stern  end. 


4.  At  this  time  and  only  tentatively,  the  coefficient 
of  hull  drag  is  taken  as  Cp  *»  .0150  with  the  expect- 
ation that  apart  from  the  control  gondola,,  there 
will  be  no  other  protrusions  external  to  the  hull. 

The  effect  of  external  longerons  on  the  value  of 
Cp  is  as  yet  unknown,  They  increase  the  hull  friction 
surface  area  by  approximately  10$  or  less;  on  the 
other  hand,  it  is  likely  that  external  longerons 
may  have  a limiting  influence  on  the  separation  of 
vortices.  These  complex  relations  can  be  determined 
only  by  wind  tunnel  testing. 


5.  Figures  17,  18  and  19  of  TR  394  show  the  Cp  still 
noticeably  decreasing  even  at  the  highest  Reynolds' 
number  of  tested  hull  models,  Re™  « (.49)(10)8. 

The  Reynolds'  numbers  of  studied  nulls  are  15  to  21 
times  higher  than  of  the  models  in  TR  394;  in  view 
of  this,  it  can  be  confidently  expected  that  the 
assumed  value  of  Cp  - .0150,  will  be  approached 
by  actual  hulls  even  without  BL  control. 


62 


\TURBOMACHINES, 

'llliS-i, 

NAPC-76238- 30 


2.  LOAD  ANALYSIS 


2 • 1 EXTERNAL  LOADS  , AERODYNAMIC  MOMENT,  GUST  MOMENT  . 
During  construction  without  internal  press lire,  a hull  ~i s 
loaded  locally  by  its  own  weight  to  various  degrees  of  sev- 
erity; these  loads  will  be  taken  up  by  light  jury  structure 
during  erection  and  the  construction  loads  on  the  hull 
structure  will  be  low.  The  top  longerons  support  the  skin 
and  their  own  weight  in  bonding  between  main  frames,  with 
intermediate  support  from  secondary  frames. 


In  flight,  the  hull  may  be  subjected  to  the  aerodynamic 
moment,  expressed  by : 2 

Moa  * (.02)  l-"2  ftlb 


‘ae 


or 


to  a gust  moment,  expressed  by 


M 


m 


(0.1) 


2 j 

Y uc  V l ftlb 


2g 


with  c = 35.0  ft/s  gust  velocity;  the  Mm  Mne  and  is  used  as 
the  maximum  design  moment  in  an  envelope  of  moments  suggested 
by  Woodward^  , and  shown  in  Fig.  6 for  MC-100  and  MC-200, 
respectively. 

q «•  v/2g  u2  = 33.9034  lb,  cons  tant , ■ for  all  hulls.  (100 

knots) 

The  turning,  yaw  and  pitch  moments  on  a hull  were  also 
analyzed,  but  for  this  report,  were  abandoned  when  it  be- 
came evident  that  they  were  always  lower  than  the  Mm  moment. 
The  aerodynamic  pressure,  q,  will  be  provided  for  in  the 
bow  by  double  hull  plating  with  cellular  structure  backup 
in  between,  as  indicated  on  hull  layouts  (See  appendix  M ). 
This  structure  will  also  be  relied  upon  for  distribution 
of  anchoring  loads  directly  into  the  skin,  also  into  the 
longerons.  Longeron  cross  sectional  areas  are  disregarded 
in  determining  the  tension  stresses  in  the  skin,  a conser- 
vative measure,  because  they  also  carry  tension  in  addition 
to  the  skin. 


2,2  INTERNAL  LOADS , When  inflated,  the  hull  is  loaded 
by  a gas  head  which  induces  higher  transverse  and  longitudinal 
tension  stresses  on  the  top  of  the  hull,  compared  with  the 
transverse  and  longitudinal  tensions  on  the  bottom  of  the 
hull,  due  to  supercharge  air  pressure. 

.*  Proceedings  of  the  Interagency  Workshop  on  LTA  Vehicles, 
FTL  Report  R75-2,  January,  1975,  p.  169. 
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FIGURE  6 Envelope-  Maximum  Bending  Moment 

Envelope  of  maximum  bending  moments  according  to  Donald  E. 
Woodward : 

^•Proceedings  of  Workshop  on  LTA  Vehicles  , FTL 
Report  R75-2,  January,  1975. 


The  Woodward  envelope  of  maximum  moments  is  specified  as 
reaching  its  highest  value  between  (.5)E  and  (,65)L,  while 
L is  the  length  of  the  hull. 

In  the  Woodward  type  diagram  above,  the  maximum  moment  is 
reached  at  (.4615)L,  which  is  another  of  several  conservative 
assumptions  taken  in  this  report;  eventually,  this  limit  can 
be  raised  to  Woodward's  limit  of  (.5)L  with  some  weight  re- 
duction. 
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The  gas  as  well  as  the  air  pressure  cause  transverse  and 
longitudinal  tensions  in  the  skin  of  the  hull  shell,  o,f  and 
°L,  respectively.  In  Pig .7  is  shown  a skin  element  dsTdsL, 
under  pressure  p,  loading  it  by  a force  pdsTdsi , causing 
a transverse  (hoop)  tension  load  aTtdsL  and  a longitudinal 
tension  load  c^ds-g. 

The  equilibrium  of  forces  on  the  skin  element,  (without  impose 
shear)  is: 


a^tdSfdg  + oiptds^da  = pdsjds'g 


z 


FIGURE.  7.  Skin  Element 


In  a cylinder,  RL  = 00  and  Eq.(l)  reduces  to: 
pRT 

aT  - *Y~  (2) 

In  hulls  having  continuous  longitudinal  curvature,  as  in  the 
case  of  all  hulls  in  this'  report,  F.q.(l)  is  valid.  From  the 
relations  in  a cylinder, 


(3) 


It  can  be  assumed  that  the  longitudinal  length  of  a skin 
element  is  so  small  that  liq.  (3)  still  applies,  while  the 
longitudinal  curvature  is  included.  From  Eq.(l)  the  trans- 
verse or  hoop  stress  in  a hull  under  internal  air  pressure 
can  then  be  expressed. 

aT  p °L 

»T  = t ‘ ~\VL 

pR*r 

Introducing  = ^r- 


a., 


T 


Rt  " 

and  a 


P7 


2tRL 


pRj>  pRp  pR'f 


2t RL-  2t  L 


Rt 

2 • Rl 


] 


(4) 


If  RL 


pRT 

Eq.  reduces  to:  which  is  Eq.(2) 

T T 


In  the  analysis  of  this  report,  another  form  is  used,  putting 
aT/2  = CTL  in  Eq.  (1) 


a.P 


1 _ P 


<T 


2RL 


1 

R 


% W 

2Rl  + Rt 


= P 
T 


JT 


2RLRT 


£ 

t 


and  cr.j,  =. 


P 

t 


2 K,  Rrp 


2RL+RT 


(5) 


At  all  stations  along  the  hull  length. 


Eq.  (5)  checks  with  Eq. (4)  within  a small  decimal  error.  The 
hulls  of  this  report  are  ellipsoids  and  the  radius  of  curva- 
ture RL  is  computed  at  any  station  from: 


Rl  = 


E 


4 2 4 

x + a y 


■3 


7* 


a4t7 

for  bow  and  stern  ellipsoids 


(6) 
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For  the  maximum  diameter  section,  Rp  forward  of  this  station 
is  : 


Rh 

aB 

and 

aft 

R^s 

*s2. 

= T ‘ 

% 

and 

circles 

for  the 

bow 

and 

The  hulls  considered  are  large,  and  have  a low  fineness  ratio 
(F.R.  = 4.5);  their  gas  head  therefore,  is  greater  than  in 
historical  airships  and  is  included  in  determining  the  air 
supercharge  pressure  in  order  not  to  exceed  the  highest 
allowable  stress  in  hoop  tension  on  top  of  the  hulls.  Eq.  (5) 
remains  as  is  for  the  bottom  of  the  hull  and  is  modified  as 
follows  for  the  upper  half  of  the  hull  shell: 


(7) 

All  skin  stresses  are  based  on  sea  level  state,  as  must  be 
the  case.  At  the  same  time,  full  cell  inflation  will  rarely 
if  ever,  occur  at  sea  level  and  therefore  this  design  assump- 
tion is  conservative. 

As  the  altitude  of  flight  increases,  the  hull  supercharge 
pressure  will  diminish  to  satisfy  the  desire  for  keeping 
the  hoop  stresses  substantially  constant  with  altitude.  It 
will  be  desirable  to  control  the  hull  air  pressure  from 
stress  sensors  connected  to  the  hull  skin  for  monitoring 
the  transverse  stresses.  This  is  the  most  direct  control  of 
air  pressure  possible. 

From  skin  stress  analysis  of  section  7.1,  it  is  evident 
that  the  hull  air  pressure  is  not  a narrow  value  to  be  con- 
tinuously concerned  with  and  maintained  wiihin  tight  limits. 

The  establishment  of  this  fact  is  one  of  the  most  important 
results  of  this  hull  study  and  is  emphasised  here. 

During  calm  weather,  the  air  pressure  can  be  reduced  in 
flight  to  lower  values  without  danger  of  skin  wrinkles  appear 
ing  anywhere.  Even  in  turbulent  weather,  when  near  maximum 
gust  moments  might  be  expected,  the  air  pressure  in  the 
studied  hulls  could  be  reduced  down  to  64%  of  the  value  of 
pressure  at  maximum  allowable  hoop  stress,  in  the  case  of 
MC-200  and  MC-100,  and  by  interpolation,  all  other  hulls. 

Tills  reduction  in  pressure  would  not  endanger  the  hull 
structure  or  cause  skin  wrinkles  to  appear. 


oy 


2kRT  + p 


'2RtRl 

2Rl+rt 


J 
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This  does  not  mean  that  the  hulls  are  overdesigned;  rather 
these  margins  are  the  consequence  of  using  the  minimum 
practical  gages  of  skin  to  maximum  allowable  stress,  with 
a factor  of  safety  of  2 on  the  ultimate  tensile  strength 
of  Alclad  7 0 5 0 -•  T 7 6 Alloy.  In  effect,  this  design  factor 
of  safety  is  lower  than  that  which  can  exist  at  a lower 
air  pressure. 

The  purpose  of  this  comment  is  to  bring  forth  awareness 
that  there  is  nothing  sensitive  about  the  maintenance  of 
air  pressure  within  close  limits  and  also,  that  the  hulls 
are  more  tolerant  of  air  pressure  variations  and  in  fact 
stronger  than  required  even  for  the  highest  gust  moments 
at  full  speed.  The  maximum  air  pressure  is  approximately 
15  to  16  in.  of  water  column  in  all  hulls  and  is  very  satis- 
factory for  control  purposes,  particularly  with  modern 
means  of  rapid  response  controls  with  their  accuracy  and 
dependability. 

T 

NASA  Standard  air  pressure  ratio  between  sea  level  and 
10,000  ft  design  ceiling  of  the  studied  hulls  is: 


1455.33 

2116.22 


. 6877 


The  sea  level  supercharge  hull  pressure  would  reduce  with 
altitude  to  (15 . 539) (. 6877)  » 10.686  in.  maximum  of  water 
column  for  MC-200,  still  a relatively  large  number  for 
pressure,  that  could  be  reduced  still  further  to  (10.686) 
(9357/15380)  - 6. SOI  in.  of  water  before  wrinkles  would 
commence  to  appear  under  maximum  bending  moment  loading. 

All  of  these  numbers,  taken  from  section  8.1,  neglect  the 
presence  of  longerons.  The  air  pressure  is  lower  in  MC-200 
than  in  other  hulls,  because  the  skin  on  top  is  the  same 
thickness  as  on  MC-175  and  MC-150  hulls,  for  the  reason  of 
having  to  use  a standard  sheet  gage.  Therefore,  there  is 
nothing  demanding  in  the  control  of  hull  air  pressure  at 
sea  level  or  with  altitude,  even  in  the  least  favorable 
case  of  the  MC-200. 

The  above  comments  apply  only  to  the  hull  structure  for 
lifting,  excluding  all  structures  for  convenience  that  will 
inevitably  be  inside  all  hulls  of  actual  airships.  It  is 
in  this  region  that  the  hulls  will  be  well  provided  with 
structure  for  the  purposes  of  supporting  weight  loads.  This 
structure  will  also  unload  the  skin  by  supporting  bending 
loads  that  would  otherwise  reduce  the  skin  longitudinal 
tension.  These  effects  will  be  positive  but  their  magnitude 
is  not  known  at  this  time. 

NACA  1235  - Standard  Atmosphere,  1955 
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The  skin  on  the  top  of  the  hull  is  thicker  than  on  the 
bottom,  commencing  30°  below  the  equator  on  the  port  side, 
around  the  circular  perimeter  of  the  hull  to  30°  below  the 
equator  on  the  starboard  side;  in  addition,  a gas  head 
hogging  moment  is  generated,  increasing  the  tension  on  top 
of  the  hull;  this  moment  is  expressed  by: 

Mg  = ^kR4  ftlb,  at  maximum  hull  section. 

In  part  this  moment  is  expected  to  be  compensated  for  by 
fixed  weight  load  distribution  in  the  hull  to  at  least  0.8 
of  its  maximum  value;  the  design  head  moment  is  then: 

M„  « (.  2)7rkR4  ftlb 
Sdes 

This  moment  is  used  as  a contributing  load  in  section  7.1, 
in  determining  the  longitudinal  skin  stresses  of  MC-100 
and  MC-200.  By  interpolation,  the  skin  stresses  in  the 
other  intermediate  hulls,  are  closely  comparable  to  the 
stresses  in  the  two  boundary  hulls. 

The  weight  loads  are  collected  directly  and  also  indirectly 
by  structure  at  the  bottom  of  the  hull  and  transferred  into 
the  circular  continuous  beam  main  frames  which  distribute 
and  transfer  these  loads  as  shear,  into  the  hull  shell  skin. 
The  skin  is  supporting  the  gas  lift  forces  opposing  the 
weight  loads.  In  this  transfer  of  forces,  shear  in  the  hull 
shell  skin  is  the  principal  mechanism  of  equilibrium  between 
lift  and  weight  loads. 

s 

Upson  proved  analytically  in  1924  that  a Metalclad  hull 
lifted  by  a gas  will  retain  its  transverse  circular  form 
as  long  as  the  lift  forces  are  resisted  by  shears  in  the 
hull  shell  skin  and  that,  in  effect,  no  frames  are  necessary. 
The  main  circular  frames  deliver  shear  to  the  skin  and  are 
indispensable  for  this  function.  The  secondary  frames  are 
needed  during  construction  of  the  hull  and  especially  in 
the  adverse  case  of  loss  of  gas  pressure  or  even  of  air 
pressure  in  an  air  sub-volume  of  the  hull. 

2.3  LOADS  DUE  TO  SURGING.  The  lifting  gas  volume  is 
sub-divided  into  cells"  by  radial  diaphragms  and  cell  "float- 
ing" semi - cylindrical  envelopes,  pressing  on  radial  network 
in  the  planes  of  all  main  frames.  When  the  hull  is  in 
pitched  attitude,  the  gas  head  in  each  cell  increases,  Fig.  8 

s . 

General  Calculations  and  Formulas  for  Metalclad  Airship 
Design,  1929,  Aircraft  Development  Corp.  Technical  Report  H 29 
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diaphragm 


hQ  = 2RJ(sin0  + cos  0) 

Ah  « hQ-  h"  - 2R^s.i.n0  + cosG)-  2RTcos0 
Pressure  on  side  B : p0  = 2kRj<cos0 
Pressure  on  side  A:  pA  ■ 2kRpfs'in0  + cos©.) 

Pressure  between  A and  B:  ApA_B  = 2kP^,sin0 

for  0 ■ 20°,  ApA_B-  . 3 4 2 ( 2 k Rj, ) 
The  pressure  bulging  the  diaphragm  at  B will  be  341  higher 
than  in  level  flight. 


FIGURIi  8 Cell  Pressure  Diagram 
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simply  due  to  the  increased  vertical  difference  between 
the  top  and  bottom  of  a coll  compartment.  This  causes  a 
non- equi librium  loading  on  top  of  the  radial  network  which, 
in  the  upper  half  of  the  inner  area  of  main  frames,  is 
integral  with  the  diaphragm.  The  diaphragm  is  forced  to 
bulge  and  the  forces  arising  from  this  load  are  resisted 
by  frames.  C.P.  Burgess* analyzed  this  case,  also  with  a 
deflated  cell,  for  ZR-1  . In  reference  ^^is  shown  that 
unbalanced  gas  loads  do  not  lead  to  stresses  in  the  main 
frames  that  require  additional  structure  or  reinforcements 
of  frames;  the  frames  are  inherently  structurally  adequate 
to  sustain  these  loads  in  a typical  case  and  at  this  time, 
no  further  attention  was  given  to  this  source  of  internal 
loading.  The  cellular  Metalclad  main  frames  are  expected 
to  be  particularly  effective  in  resisting  this  loading, 
because  the  network  loads  are  going  to  be  more  rapidly 
dissipated  into  continuous  beam  frame  structure,  than  would 
he  the  case  in  skeletal  truss  frames.  The  analysis  of  gas 
and  air  surging  is  not  considered  at  the  present  time.  At 
this  time  radial  network  in  the  main  frames  is  thought  to 
be  sufficiently  elastic  and  energy  absorbing.  Should  sub- 
sequent work  conclude  that  hydraulic  shock  absorbers  must 
be  used,  they  can  be  placed  at  each  anchor  joint  on  main 
frames  between  the  ball  socket  and  the  pivoting  horn  at- 
tached to  the  network;  this  joint  is  shown  on  the  layout 
of  the  MC-200  (Appendix  H'S). 


t. 

The  U.S.  Navy  Design  Memorandum  No.35-C.P.  Burgess. 
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3.  MAIN  FRAME  ANALYSIS 

3.1  SECTION  CHARACTERISTICS  .*  All  main  frames  have 
a triangular  cross-section,  with  the  circumferential  base 
being  a base  skin,  thicker  than  tho  adjoining  local  hull 
skin.  The  apex  is  connected  to  the  base  by  continuous', 
sloping  shear  webs  made  of  straight-sided  corrugations. 

All  main  frames  are  continuous  circular  beams.  This  is  a 
departure  from  the  skeletal  deep  frames  of  R-101  and  of  the 
AKRON  and  MACON  airships.  In  Metalclad  construction,  the 
main  frames  are  loaded  continuously  along  their  periphery, 
by  lift  forces,  shear  forces  and  weight  (load)  forces.  This 
basic  character  of  loading  calls  for  a continuous  circular 
beam  which  can  support  all  these  forces  continuously,  element- 
by-element  of  its  periphery  and  is  the  lightest  structure  for 
this  purpose.  A view  of  a main  frame  is  shown  in  Figure  2, 
section  1.1,  and  is  typical  for  all  main  frames  in  all  hulls. 

The  geometric  height  (base  to  apex  of  sides) of  all  main  frames 
is  hmf  e .108  Rj t except  with  a minimum  of  hmf  B 96  in. 

This  latter  height  is  then  constant  at  all  hull  radii  that 
would  call  for  a lower  height  of  frame  for  the  convenience  of 
human  access.  The  structural  height  is  set  at  hmfc  13  (.SSJh^f. 
This  is  the  height  from  the  base,  on  center  line  of  the  section, 
to  the  top  of' the  apex  cornice.  The  apex  angle  of  all  frames 
is  44°  total,  22°  on  each  side  of  the  section  center  line. 

The  apex  cornice  is  composed  of  two  rolled  sections,  as  illust- 
rated, joined  together  by  the  corrugated  sides  of  the  frame. 

The  apex  cornice  is,  in  effect,  a non-circular  tube  in  its 
section,  curved  to  the  radius  of  the  apex  cornice  relative  to 
the  hull  curvature.  The  base  cornices  are  preferably  ex- 
trusions, curved  to  the  local  hull  radius  and  riveted  to  the 
corrugated  sides  of  the  frame.  The  base  structure  is  a part 
of  the  hull  shell  skin,  although  thicker  than  the  local  skin, 
as  is  described  in  section  5.**  An  essential  component  of  the 
base  structure  are  the  longerons,  located  externally  with  res- 
pect to  the  skin,  but  attached  to  the  base  skin  of  the  frames 
as  well  as  to  the  base  cornices. 

Each  main  frame  is  directly  attached  to  the  skin  at  every 
element  of  its  perimeter  and  receives  the  lift  loads  from  the 
skin  as  well  as  transfers  loads  to  it  by  shear.  The  weight 
loads  are  (at  this  time)  assumed  to  be  at  the  lowest  nart  of 
each  frame,  as  a distributed  load  of  high  intensity  . 

The  analysis  assumes  the  weight  load  to  be  concentrated,  at  two 
stations  on  the  bottom  of  each  frame  x - 22, 50  on  each  side 
from  x = 0°,  as  shown  in  Figure  9.  This  is  a highly  conser- < 
vativo  assumption.  Similar  conservative  measures  are  taken 

* Also  refer  to  Appendices  A,  R,  and  C.  **Figure  16 
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FZniTRE  9 Loading  of  a Main  Frame 

often  in  this  report.  In  the  final  design  of  each  hull,  some 
weight  can  he  eliminated  in  the  lifting  structure  and  taken 
up  bv  the  weight-load  supporting  structure. 

No  solution  was  found  in  existing  literature  researched  by  TI 
for  a circular  beam  (Main)  frame,  loaded  by  a.  distributed 
weight- load  at  its  lowest  arc  and  unloaded  hv  shear  flow 
into  the  hull  s^in  all  along  its  nerimeter.  The  shear  flow 
into  the  shin  is  indicated  ir  Figure  10-11,  on  one  half  of  a 
frame,  tynical  for  both  sides  of  the  frame.  The  shear  load 
on  each  side  of  the  frame  is  V/2  (or  V/ 4)  of  what  is  shown  in 
Figure  in-B,  The  shear  load  into  the  shin  is  zero  at  station 
0 and  it . At  station  ir/2,  the  shear  load  into  the  shin  is 
maximum  and  equal  to  >■'/ 2 , or  F/ 4 on  each  side  of  the  frame. 

A frame,  loaded  in  this  manner  will  have  high  negative  bend- 
ing moments  at  the  station  of  load  "F"  application;  along 
the  rest  of  the  frame  nerimeter,  the  bending  moments  will  be 
lower,  as  indicated  schematically  in  Figure  10- A. 

The-  solution  to  the  analysis  of  the  above  frame  loading  prob- 
lem was  resolved  by  using  a known  solution,  based  on  the 
assumption  that  all  lifting  forces  are  directly  on  the  frame 
.instead  of  on  the  hull  skin.  The  loading  is  indicated  on 
Figure  9.  liquations  for  a circular  beam  of  Figure  9,  are  in 
R.  J.  Roark's  book  ''Formulas  For  Stress  And  Strain,  "u 

u* * Formulas  For  Stress  And  Strain,  R.  J.  Roark,  Fourth  Edition, 
McGraw-Hill,  l?fi5. 
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FIGURE  10  Frame  334.5  (MC-200)  Under  weight  Loading 
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page  No.  177,  Case  No.  23,  for  $ = 7r. 

The  formulas  for  Case  No.  23  are  used  for  computing  bending 
moments,  shears  and  diametral  deformations  of  main  frame 
334.50  of  MC-200  hull,  by  way  of  example.  The  Case  Mo.  23  is 
directly  applicable  for  a Metalclad.  hull,  with  k,  (specific 
lift)  negative  and  force  F reversed  in  direction.  The 
formulas  of  Case  No.  23  are  repeated  here  for  record.  The 
analysis  itself  is  not  included.  Case  No.  23,  as  shown  in 
Figure  10-A,  compared  to  the  actual  loading  of  main  frames  in 
a Metalclad  hull,  is  unduly  severe;  yet,  the  frame  of  the 
example  is  more  than  adequate  to  support  the  loading  with  only 
very  small  deformations.  The  severity  of  the  frame  loading 
is  first  caused  by  the  concentrated  weight-load  at  one 
station,  0°,  which  will  not  likely  happen  due  to  the  nature 
of  weight-load  carried  by  airships;  the  second  cause  of  high 
loading  is  due  to  the  tacit  assumption  that  all  available 
lift  is  acting  directly  on  the  frame,  instead  of  on  the  hull 
skin  and  in  reality,  is  always  unloaded  into  the  skin  by 
shear  flow  from  the  frame  beginning  immediately  at  station  0°. 
In  the  assumed  loading  case  No.  23,  all  lift  is  acting  on 
frame  segment  ir/2  - rr , where  in  actual  loading,  only  1/2  F is 
acting  at  station  tt/2  and  from  then  on,  is  directed  into  the 
hull  plating,  so  that  all  hull  shear  from  weight-load  F,  is 
zero  at  station  u. 

The  specific  lift  k' , as  shown  in  formulas  under  3.2  and  3.3, 
is  a reduced  nominal  specific  lift  at  si,  due  to  the  direct 
lift  of  the  hull  structure  by  the  gas;  in  effect,  the  lift  on 
the  frame,  supporting  weight  loads,  is  reduced  by  the  weight 
of:  (See  Figure  9) 

1.  The  main  frame. 

2.  Weight  of  skin  of  the  hull  section  corresponding 
to  the  frame. 

3.  Weight  of  two  secondary  frames. 

4.  W 'eight  of  longerons  of  the  hull  section. 

5.  Weight  of  diaphragm  and  membranes  of  the  hull  section. 

The  sum  of  these  weights  is  lifted  directly  by  the  gas  and  is 
deducted  from  the  total  lift  of  the  hull  section,  based  on 
the  gross  displacement  volume  of  the  hull  section  minus  air 
volume  contained  inside  the  main  frame. 
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For  a main  frame  at  maximum  hull  diameter  of  MC-200,  the  above 
weights  are: 


lb_ 

1. 

9,383 

2. 

17,810 

3. 

2,596 

4. 

4 ,928 

5. 

3,885 

EW:  3-8,602  lb 

Total  volume  of  the  hull  section  of  length  X,:  3,399,251  ft"5 

7 

Air  space  in  frame  Vp.‘  16,754  ft 
Lift  of  hull  section  of  length  1: 

LT*--k(V0  - VF)-. 06535(3, 399, 251  - 16,754),  lb 
= .06535  ( 3,382,497)  , lb 

L-p*  221,046  lb  at  sea  level,  fully  inflated  hull. 

Net  lift  on  the  main  frame: 

LN=k(v0  - Vp)  - EW  = 182,444  lb 

Effective  specific  lift  for  the  support  of  weight  loads  on 
the  main  frame: 

k’  = y— B 375127^7  = -0539377,  lb/ft3  at  sea  level 

Weight  load  "F"  is  assumed  to  be  concentrated  at  one  station, 
G - 22.5°,  on  each  half  of  the  main  frame, 

p a iii  a jj = 91,222  lb,  as  shown  in  Figure  10. 

This  is  a very  conservative  assumption  and.  is  taken  deliber- 
ately in  this  case. 


With  the  aid  of  equations  referenced  in  3.2  and  3.3  above, 
moments  and  shears  wore  computed  at  ten  stations  along  the 
semi-perinherv  of  the  frame,  using  the  radius  of  the  neutral 
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axis  of  tho  frame  in  the  inflated  hull,  R *»  R^  = 98.8283  ft. 


The  computed  moments  and  shears 
Table  2 respectively. 

TABLE  1 Bending  Moments 

Station  x° 

are  tabulated 

0°  - 180° 

M(0  - x) , ft 

0 

-1,401,834 

22.5 

-1,675,048 

40.0 

+ 3,110 

60.0 

+1,125,595 

80.0 

+1,439,252 

100.0 

+1,137,136 

120.0 

+ 423,488 

140.0 

- 352,084 

160.0 

- 939,054 

180.0 

-1,156,437 

TABLE  2 Radial  Shear  0° 

- 180° 

Station  x° 

V(0  - x)  * lb 

0 

0 

22.5 

79,438 

40.0 

+45,032 

60.0 

+20,282 

80. 0 

- 1,233 

100.0 

-16,165 

120.0 

-22,710 

140.0 

-20,857 

160.0 

-12,287 

0)  : -IV  ,978  lb 
ir)  : +61,460  lb 


180.0 


0 


I 
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The  moments  and  shears  are  plotted  along  the  frame  neutral 
axis  circle  in  Figure  10  and  on  a straight  abscissa  equal  to 
semi-perimeter,  in  Figure  11. 

The  highest  bending  moment  arises  at  0 = 22.5°  station  of 
concentrated  weight  force  "F",  M22  ^ K -1,675,048  ft  lb. 

In  an  actual  condition  of  hull  loading,  this  weight  force 
would  be  distributed  between  at  least  + 30°  stations  along 
the  frame  perimeter,  with  respect  to  station  0,  and  the 
moment  would  be  lower. 


Maximum  stress  in  the  frame  at  station  G = 22.5°  is  compression 
in  the  apex  cornice  of  the  frame: 


M0Cp  (1,675,048) C12) (80.92) 

°a0  " E ^rrrmr 


36,353  lb/in2 

compression 


This  stress  is  higher  than  maximum  allowable,  o^es=32,8S0  lb/in 
considering  the  severity  of  loading  assumption,  it  should  not 
be  necessary  to  reinforce  the  apex  cornice. 


At  station  x * 110°,  where  the  next  highest  bending  moment  is, 
tension  in  the  apex  cornice  would  be: 


aA 


110 


_(1, 439252) (12)(80. 92) 
44,7  4 2 . 7 


31,235  lb/in2  tension 


At  this  station  as  in  other  perimetral  stations,  the  apex 
cornice  will  not  require  reinforcement.  The  frame  can  be 
reduced  in  height  all  along  its  perimeter  from  its  present 
structural  overall  height  of  118.98  in. to  no  more  than  100.0  in. 
with  considerable  weight  saving.  Instead  of  the  geometrical 
height  of  main  frames  equal  to  (.108)  RT , which  is  the  given 
criteria  for  analysis  as  shown  in  Figure  2 Section  1.1  and  3.1 
it  is  proposed  to  make  it  in  actual  design  (.0925)  R-p. 

The  moment  distribution  in  Figure  10-A,  indicates  that  the 
main  frame  should  have  a constant  height  all  along  its  per- 
imeter. However,  Figure  10 -B  suggests  that  all  main  frames 
should  be  designed  deeper  at  and  around  station  x =0°,  and 
progressively  less  deep  toward  station  ir.  The  most  attractive 
solution  would  be  to  place  the  center  of  the  apex  cornice 
circle  above  the  center  of  the  circle  of  the  base  cornices. 
Whether  the  gain  in  lightness  will  justify  the  cost  of  this 
design  will  have  to  be  demonstrated. 

The  corrugated  shear  sides  of  the  frame  cross-section  triangle 
will  be  made  heavier  locally  around  station  x - 0°,  the 
highest  shear  load  on  each  side  of  the  frame  above  the 
equator  is  approximately  1,100  lb/ft,  which  is  well  within 
the  capability  of  .032  in.  thick  shear  sides  and  also  points 
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toward  reducing  the  height  of  the  frame,  as  noted  above. 

Preliminary  analysis  tends  to  confirm  the  justification  of 
rodueing  the  weights  of  all  main  frames  to  80%  of  their 
computed  values  as  stated  in  Section  10.  The  weight  reduction 
will  be  probably  even  more  favorable  in  the  final  analysis, 
once  the  method  of  computing  frames  based  on  Figure  10-B  is 
developed. 

3.4  FRAME  BFHAVIOR.  The  main  as  well  as  secondary 
frames  in  metalclad  hulls  have  a unique  behavior.  When  the 
hull  is  deflated  and  without  pressure,  the  base  skin  along 
the  frame  perimeter  is  practically  inactive.  Neglecting  for 
the  time  the  effective  width  of  the  base  skin,  the  neutral 
axis  of  the  frame  section  is  located  very  closely  at  mid- 
height of  the  frame  cross-section. 

When  the  hull  is  inflated  with  pressure,  the  base  skin  of 
all  frames  (as  well  as  of  longerons)  , becomes  fully  effective 
structurally.  The  frames  are  then  capable  of  supporting 
compressive  stresses  in  their  base  skin  to  almost  the  full 
value  of  the  allowable  stress  (aAj  = 32,350  lb/in2)  , because 
this  stress  is  equal  to  the  hoop  tension  stress  due  to 
pressure.  The  effective  area  of  the  frame  section  increases 
at  the  base  and  the  moment  of  inertia  of  the  frame  is  higher. 
The  neutral  axis  of  the  inflated  frames  moves  toward  the  base, 
and  its  now  location  is  approximately  1/3  of  the  structural 
height  of  the  frame.  The  distance  to  the  apex  cornice 
increases,  but  the  apex  cornice  stress  remains  almost  constant. 
However,  the  rigidity  of  the  frame  is  greater  under  hull 
pressure  than  when  the  hull  is  deflated.  This  is  an  important 
factor  in  reducing  the  radial  deformations  of  all  main  frames; 
as  the  inflated  airship  is  being  loaded  in  preparation  for 
flight  the  outwardly  displacement  of  the  neutral  axis  of  main 
frames  to  a greater  radius,  is  a powerful  factor  in  making 
the  frames  more  rigid  under  weight  loads,  because  frame 
deformations  are  a function  of  the  fifth  power  of  the  frame 
neutral  axis  radius. 

3 . 5 DIAMETRAL  REFORMATION  OF  MAIN  FRAME  NO.  334.50  Of 
MC-200  (larges~t  diameter  frame).  The  typical  main  frame 
analysis  as  described  above  is  dealt  with  as  if  the  frame  were 
loaded  alone,  without  a metal  hull;  this  is  the  first  highly 
conservative  basis,  because  in  the  hull,  the  frame  will  be 
unloaded  by  shear  on  the  sides  of  the  hull,  which  is  a far 
more  favorable  condition  than  loading  it  by  distributed  lift 
at  the  top  of  the  frame,  as  the  analysis  assumes.  The  second 
conservative  assumption  is  the  concentrated  weight  loading 

at  the  bottom  of  the  frame;  this  load  is  going  to  be  more 
distributed  and  the  high  bending  moment  and  shear  in  this 
vicinity  will  be  alleviated,  although  the  rest  of  the  frame 
circumference  should  not.  be  affected  too  noticeably  by  better 
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distribution  of  weight  loads  at  the  bottom.  The  third  conserv- 
ative assumption  is  the  frame  height  parameter  (.108R™); 
analysis  shows  this  to  be  more  realistic  at  .0925  R,„  along  its 
total  perimeter.  The  skin  shear  unloads  the  frame  rapidly  into 
hull  skin  and  the  frame  will  not  he  as  severoly  loaded  in  the 
hull  as  is  assumed  in  the  nnlysis  according  to  Case  No.  23u 
from  which  the  frame  deformation  formulas  are  used. 

Prom  Figure  12,  the  moment  of  inertia  of  a main  frame  of 
MC-  2nr) , at  station  0 = 22.5°,  is  I « 44,742.7  in4. 


FIGURE  12  Section  Of  Frame  No.  334.5  Of  MC-200  At 

Station  0 = 22.5°,  Maximum  Moment  Station 

In  the  absence  of  more  realistic,  analysis,  the  deflections  as 
determined  below  are  used  to  determine  the  weights  of  main 
frames  in  other  than  MC-200  hulls,  by  extrapolation.  However, 
as  explained  in  Section  10  these  weights  have  been  "Adjusted." 

In  Figures  12  and  13  are  shown  a typical  main  frame  with  the 
hull  inflated  and  deflated.  The  width  of  base  will  not  alter 
significantly  with  changes  of  inflation,  but  the  base  skin 
will  move  radially  outward  under  hoop  tension,  (shown  at  full 
value  of  the  hull  skin).  Although  the  thicker  base  skin  will 
.reduce  the  base  radial  deformation  to  between  one  half  to  one 
third  of  the  nearby  skin  deformation,  even  in  this  overstated 
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with  hull  deflated 
-•  with  hull  inflated 


FI  GURU  13 


".25  ft  elastic  deflection 
hull  skin  at  the  base 

Typical  Main  Frame  Under  Radial  Deflection 
Of  The  Hull  Shell. 


example,  the  corrugated  sides  of  the  frame  will  deflect 
elastically  less  than  one  half  a degree  in  a length  of  11.863 
feet. 


In  Figure  12,  is 
typical  of  all  s 
with  pressure  in 
skin)  comes  into 
outward  from'  its 
the  neutral  axis 
increases  outwar 
maximum  bending 
the  frame  rigid! 


indicated  the  change  of  section  properties, 
tructures  attached  to  skin  in  metalclad  hulls; 
the  hull,  the  base  skin  (thicker  than  local 
effect  and  the  neutral  axis  moves  radially 
location  in  deflated  hull;  in  this  case, 
moves  17.67  in.  The  moment  of  inertia 
dly  from  deflated  to  inflated,  state;  the 
stress  remains  substantially  unchanged,  while 
ty  increases . 


The  maximum  bending  moment  stress  on  frame  334.5  at  sta.  0 = 22.  5 °i 
is : 


0 


36,353  lb/in  , computed  in  Section  3.1 


under  the  severe  assumption  that  all  weight  is  concentrated  at 
two  stations  0:  +_  22.5°.  If  this  stress  should  actually 
exist.,  the  apex  cornices  at  these  two  stations  would  be 


A li1.j-.--i  .-w  P.L  I — 
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locally  reinforced  and  everywhere  else  along  the  whole  frame 
perimeter  the  cornice  areas  would  reduce  to  = 3.17  in^ 
minimum,  or  a mean  value  of  reduction  of: 

(3.17)  (2)  + (5.2H2) 

— 2 — 51 i-i— a 8.37  Total  mean  cornice  area. 

The  cornice  area  of  the  frame  section  can  be  scaled  down  to: 
8.37 

YOnr  = .8048,  or 

80%  of  the  maximum  section  area,  for  the  determination  of 
frame  weight.  The  offect  of  the  corrugations  contribution  to 
the  cornice  strength  was  disregarded  at  this  time.  The  apex 
cornice  is  effectively  a tube  and  the  base  cornices  are 
extrusions. 

The  major  characteristic  of  all  Metalclad  frames  is  the 
capability  to  easily  adjust  to  radial  skin  deformations  due 
to  inflation  pressure.  At  the  same  time,  their  stiffness 
in  all  transverse  directions  is  increased  by  a large  factor 
without  significant  change  in  the  maximum  bending  stress. 

This  is  a desirable  quality  of  Metalclad  shell  structures. 

In  Table  3 are  arranged  all  gas  lift  loads  on  all  main  frames 
in  each  hull  for  sea  level  lift  with  fully  inflated  hull. 

These  maximum  static  lift  loads,  corresponding  to  each  frame 
are  total  lift  loads,  before  the  weights  of  directly  lifted 
structures  are  deducted,  as  is  done  in  the  example  case  of 
Frame  Ho.  334.5  of  MC-200,  of  this  section. 

The  hulls  cannot  fly  with  fully  inflated  cells  at  sea  level, 
yet  the  frame  analysis  is  based  on  this  condition,  because 
for  test  purposes  in  the  dock,  this  case  will  arise,  with 
a hull  tethered  at  each  main  frame. 

Normally,  the  hulls  will  be  always  inflated  to  less  than  their 
complete  fullness,  for  flight  below  a fixed  ceiling  altitude. 
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4.  SECONDARY  FRAMES 

4.1  DliSCRI PTION  Secondary  frames  serve  the  purpose 
of  stabilizing  the  longerons  in  deflated  hulls.  With  pressure 
in  the  hull,  their  presence  is  entirely  redundant.  The 
principal  stabilizing  structure  for  the  longerons  is  the  skin, 
and  if  relied  upon  exclusively,  the  skin  would  have  a ten- 
dency to  become  non-circular  in  hull  cross  section  when  de- 
flated and  the  stabilizing  restraint  on  the  longerons  would 
disappear.  Secondary  frames  hold  the  skin  to  a substantially 
circular  hull  cross  section  and  therefore,  the  longerons  are 
also  held  radially  to  their  peripheral  locations.  The  import- 
ance of  this  structural  function  becomes  clear  when  it  is 
understood  that  as  long  as  the  longerons  are  positioned  radi- 
ally by  the  frames,  main  as  well  as  secondary,  they  maintain 
along  their  length  a positive  longitudinal  curvature.  Any 
axial  compressive  load  on  them  will  cause  them  to  deflect 
outwardly  with  respect  to  the  hull  surface  and  this  deflection, 
however  small,  even  in  a deflated  hull,  will  be  resisted  tan- 
gentially by  the  skin  thus  stabilizing  the  longerons. 

The  function  of  all  secondary  frames  is  principally  to  hold 
the  hull  skin  to  a circular  cross  section.  This  function 
requires  that  secondary  frames  have  sufficient  height  in 
section  to  obtain  as  high  a moment  of  inertia  with  as  little 
weight  as  possible.  In  this  analysis,  the  computer  program 
was  a good  guide  and  the  height  of  all  secondary  frames  was 
established  at  (.0125  ) R-j-  at  all  stations.  A typical  cross 
section  of  a secondary  frame  is  shown  in  Figure  3 cf  Section  1. 
It.  is  similar  in  design  to  the  main  frames,  but  lower  in  height 
and  uniform  in  section  all  along  its  perimeter.  The  upper 
half  of  each  secondary  frame  is  submerged  in  lifting  gas, 
while  the  lower  half  is  in  the  air  space.  At  a small  angle 
above  equatorial  plane  on  each  side  of  the  hull,  the  secondary 
frames  are  divided  by  an  internal,  bulkhead,  pressed  out  of 
sheet  metal,  acting  as  a separator  between  gas  and  air  spaces, 
and  serving  as  a back-up  for  the  attachment  of  the  cell  mem- 
brane to  the  secondary  frame,  a typical  installation  appears 
on  the  layout  of  MC-200. 

A typical  secondary  frame  is  a continuous  circular  beam  of 
cellular  concept,  composed  of  an  apex  cornice,  two  base  cor- 
nices and  two  corrugated  shear  webs  connecting  the  apex  to 
the  base  cornices  with  a 44°  angle  at  the  apex. 

All  secondary  frames  have  a thicker  gage  than  the  local  skin 
base  to  reduce  the  slopes  of  deflection  of  the  skin  on  both 
sides  of  each  secondary  frame.  When  inflated,  the  base  skin 
becomes  an  integral  part  of  the  frame  similarly  as  happens  in 
main  frames. 
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5.  LONGERON  DESCRIPTION 


5.1  INTRODUCTION.  Most  of  this  section  is  devoted  to 
the  analysis  of  a longeron  in  a hull  subjected  to  uniform 
pressure.  For  MC-200  the  calculations  extend  over  nearly 

the  whole  length  of  hull,  while  for  MC-100  they  are  limited  to 
only  three  frame  bays, 

A longeron  is  treated  as  a beam  on  an  elastic  foundation 
provided  by  skin.  The  frames  constitute  a row  of  interacting 
elastic  elements.  The  effect  of  the  axial  force  due  to  the 
longitudinal  pressure  component  is  important,  because  it  gives 
the  system  an  additional  stiffness  in  the  radial  direction. 

The  presence  of  an  axial  force  makes  the  system  nonlinear 
and  necessitates  the  use  of  iterative  solution. 

A condition  is  also  considered,  where  pressure  completely 
escapes  from  one  cell.  This  causes  the  longerons  to  lose 
much  of  the  support  the  skin  is  providing.  A conservative 
approach  is  taken  to  clearly  demonstrate  the  adequacy  of  the 
structure,  when  acted  upon  by  a gust. 

5 . 2 COMPUTER  ANALYSIS  OF  TYPICAL  LONGERON  SEGMENT 
UNDER  INTERNAL  PRESSURE.  The  hull  is  uniformly  pressurized 
with  p = 0.9 7(3  lb / in^ , The  geometry  shown  here  does  not 
exactly  correspond  to  any  part  of  the  ship  and  should  be 
treated  merely  as  an  illustration  of  the  method  of  analysis. 


Structural  Components.  (Refer  to  Appendices  "D"  "11"  5 "I"  for 

longeron  models). 


Longeron 
A = 5.889  in2 
I = 261.7  in4 


C = 13. 33" 
C2  - 6.67" 


Section  is  considered  to  be  constant  along  the  length. 


FIGURE  15  Main  Frame  Section  Geometry 


Longeron  spacing  = 320.4"  (on  ci rcumference) for  24  Longerons 
Frame  spacing  = 432"  (av.) 


If  this  geometry  was  duplicated  at  every  frame  bay,  this 
analysis  would  be  valid. 
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5.2,1  Stiffness  of  Foundation  Springs.  The  curvature 
of  skin,  which  results  in  its  stiffness  in  radial  direction 
is  accounted  foj  in  the  model  by  a series  of  equivalent  springs 
supporting  the  longeron  (see  Figure  17). 

The  spring  constant  of  skin  is  given  by: 

k-  •»  — (per  unit  length  of  hull) 

0 zR 

When  this  is  multiplied  by  the  impingement  length  of  a node, 
the  equivalent  lumped  constant  is  obtained: 

k’  ■ TK  "Mi 

This  .is  true  only  at  the  line  of  contact  with  the  frame,  where 
the  skin  is  forced  to  remain  circular,  k diminishes 
gradually,  when  moving  away  from  the  frame.  Here  k is  assumed 
zero  at  mid-length  of  panel,  x = 216.0".  When  x1  is  measured 
from  node  3:  (contact  point  with  a frame) 

k e kQ  (1-x'  / 16 4) 

, 2tt  x 10.4  x 106  x 0.05  c _ ....  ..  2 

K vnrrm S5*61  lb/in 

(Unlike  in  the  rest  of  this  section,  skin  thickness  is 
assumed  to  be  O.OSO"  and  48  rather  than  24  longerons  are  used.) 


4 Stiffness 

|x'  | 

Node  in 

of  Foundation  Springs 
k ? 

lb/in^  in 

k' 

lb/in 

10 

52 

37.98 

13 

493.  7 

11 

26 

46.79 

26 

1216.5 

12 

0 

55.61 

25.5 

1418.1 

13 

25 

47. 13 

25 

1178.2 

14 

SO 

38.66 

25 

966.5 

15 

75 

30.18 

25 

754.5 

16 

100 

21.70 

25 

542.5 

17 

125 

13.22 

32 

423.0 

18 

164 

0 

19.5 

0 

= 55.61(1  - x'/164) 


Maxn  . Panel 

Frame  i Midplane 

Udplane  j ►_  x* 


FIGURE  17  Computer  Analysis  Model 
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5.2.2  Applied  Forces, 
for  R - 1224" : 


Total  cross  section  area 


At  - tt  x (1224)2  = 4.7067  xClO)6in2 
Axial  force  due  to  pressure  p = 0.976  psi: 

N ■ pA  » 0.976  x 4.7067  x 106  = 4.594  x 106  lb 
Metal  area  for  skin  of  0.045"  and  24  longerons: 

Am  - 2tt Rt  + z At  = (2 it)  x (1224)  x (0.045)  + (24)  x (5  . 889)-  487.  4 in' 
Axial  stress: 

a ■ 4.594  x 10^/487.4  = 9426  psi 
Axial  force  in  a longeron: 

N,  - 5. 889  x 9426  - 55,507  lb 

This  force  is  applied  to  the  longeron  at  node  1 and  reacted  at 
node  9. 

Upon  inflating  the  hull  with  pressure,  there  is  a gap  A 
between  the  skin  and  the  surface  of  frame.  (This  is  only  at 
the  first  stage  of  solution.)  The  magnitude  of  this  gap  is 
calculated  in  the  next  sub-section.  The  forces  applied  to 
nodes  20  and  3 (equal  and  opposite)  are  P = 20,000  lb  (each). 

5.2.3  Representation  Of  Frame  And  Initial  Gap.  The 
frame  subjectea  to  uniform  pressure  loads  is  a ring  in  the 
state  of  nearly  constant  tension.  The  radial  stiffness  of 
such  ring  is: 

v _ 27rEAf 
kf  - 

in  which  A^  is  the  frame  section  area  and  n is  the  number  of 
equally  spaced  radial  forces. 

l-  ~ 2 tt  x 10.4  x 10  x 17,0  „ % <7  oic  iv,  / {« 

Kf '2 4"'  x 1 2T4 37,815  lb/in 

Only  one-half  of  this  value  is  assigned  to  the  spring  20-21 
representing'  the  frame,  because  node  3 is  one  of  the  two 
contact  points  of  this  frame  with  skin,  (see  Figure  18) 

The  initial  gap  between  skin  and  frame 


0.976  x 1 2 2 4 2 
10.4  x 10°  x 0.045 


3.124" 
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The  interaction  force  P is  then  applied  at  nodes  .3  and  20 
with  the  purpose  of  closing  the  gap.  The  magnitude  of  this 
force  is  not  known  beforehand  and  whatever  is  chosen  will  be 
too  large  or  too  small.  In  order  to  avoid  that  difficulty 
a nonlinear  element  is  inserted  between  nodes  3 and  20.  This 
arrangement  limits  the  magnitude  of  the  interaction  force 
imposed  on  the  structure  to  the  value  needed  to  close  the  gap. 


Longeron 


kf/2 


Nonlinear 

►—Gap 

Element 


Spring 

.Representing 

Frame 


(Stiff  40  in  "ansys"  Library) 
*Ansys  is  computer  program  used 


FIGURE  18  Computer  Model  Of  Gap  Between  Skin  and  Frames 


The  gap  element  consists  of  a gap  of  magnitude  A and  a rigid 
spring," 10  x 10G  lb/in  is  used  here.  When  the  interaction 
force  P tries  to  pull  points  3 and  20  together  it  will  have 
no  resistance  from  the  rigid  spring  until  the  gap  closes  and 
a very  large  resistance  thereafter  sets  in. 


If  P in  is  the  minimum  interaction  force  closing  the  gap,  any 


may  be  used  as  input 


5.2.4  Summary  Of  Computer  Run.  Determination  of  the 
effects  of  the  lateral  load  when  the  axial  force  is  present  is 
a nonlinear  problem,  which  requires  an  iterative  solution. 
Three  iterations  were  carried  out  and  the  printout  showed  that 
two  were  sufficient  in  this  particular  case. 
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The  interaction  force  is: 

P «=  2 x 15,124  = 30,24  8 lb 
The  axial  force  in  the  frame  is: 

Nf  = = 24  xy30  > 2.r.8~  = 115,540  lb 

1 2ir  2tt 

Axial  stress  is: 

Of  - Nf/Af  - 115,540/17.0  - 6,796  psi,  (not  critical) 

The  effects  of  lateral  load,  i.e.,  bending  moments  and  stress 
are  shown  next. 


TABLE  5 Longeron  Deflection 


Node 

-y 

(in) 

°t 

(psi) 

3 M 

(10A  lb/inT 

0oc 

(psi) 

r°ids. 

(psi) 

1 

2.  394 

9,420.1 

133. 29 

2,631.6 

12,814.3 

2 

2.378 

9,420.1 

164.87 

1,023.1 

13,618.6 

3 

2.325 

9,407.6 

273.79 

-4,540.3 

16,379.6 

4 

2.198 

9,404.0 

86.951 

4,975.6 

16,376. 

5 

2.054 

9,395.0 

-34.177 

11,136. 

8,524.7 

6 

1.920 

9,387.9 

-106.19 

14,796. 

6,683.7 

7 

1,  811 

9,383.6 

-143.  37 

16,685. 

5,732.6 

8 

1.737 

9,381.2 

-157. 79 

17,417. 

5,363.1 

9 

1.693 

9,380.  3 

-155.50 

17,300. 

5,420.5 

y = 

lateral 

deflection 

at 

- tensile 

stress,  9, 

426  lb/in2, 

for  undeformed  form 

M 

bending 

moment 

°o< 

; « resultant  stress, 

outer  chord 

Oi 

. « resultant  stress, 

inner  chord 
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NADC- 76238- 30 


The  largest  tensile  stress  is  17,417  psi,  which  is  well  below 
the  allowable  32,350  psi.  Nc  reinforcement  is  required. 


The  largest  compression,  4,540  psi,  is  insignificant, 

5.3  HULL  GEOMETRY,  MC  200.  The  main  portion  of  the  hull, 
which  extends  between  frames  No.  5 and  No.  26  is  described 
with  the  set  of  parameters  shown  in  tables -6  and  7. 

Station  - distance  from  the  tip  of  the  bow,  in  feet. 


x = station  in  inches. 

I R e outer  radius  of  hull. 

I T 

L = length  of  frame  bay. 
t B skin  thickness. 


R^,  R2  a radius  on  the  left  and  on  the  right  side  of  the  frame 
bay.  (Bow  on  left.) 

il>  I2  a half  of  the  distance  between  corner  nodes  of  frame, 
on  the  left  and  right  ends  of  bay 

A “ cross  section  area  of  the  metal  at  the  left  end  of  a frame 
bay. 

The  dimensions  of  typical  longeron  sections  and  the  change  of 
depth  along  the  length  is  shown  in  Figures  19  and  20. 
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TABLE  6 Hull  Parameters 


TABLE  P Continued 
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TABLE  7 Hull  Parameters  II 


Frame  L 
Bay (in) 


5- 6 

6- 7 

7- 8 

8- 9 


439 

.038 

956 

1,044 

40.38 

7.4 

29.  85 

30,759 

406 

.040 

1,044 

1,115 

7.4 

7.4 

31.37 

9,630 

447 

.042 

1,115 

1,173 

7.4 

49.55 

34.78 

9,6  30 

436 

.045 

1,173 

1,200 

49.55 

7,4 

28.08 

27,297 

392 

.045 

1,200 

1,221 

7.4 

7.4 

30.20 

9,630 

432 

.045 

1,221 

1,224 

7.4 

51.70 

33.53 

9,630 

434 

.045 

1,224 

1,221 

51.70 

7.4 

27.55 

26,649 

401 

.045 

1,221 

1,216 

7.4 

7.4 

30.95 

9,630 

417 

.045 

1,216 

1,208 

7.4 

51. 02 

32.28 

9,630 

436 

.045 

1,208 

1,187 

51.02 

7.4 

27.83 

26,844 

39  7 

.042 

1,187 

1,168 

7.4 

7.4 

30.62 

9,630 

419 

.042 

1,168 

1,146 

7.4 

48.41 

32.45 

9,630 

430 

.042 

1,146 

1,110 

48.  41 

7.4 

27.76 

27,655 

385 

.040 

1,110 

1,080 

7.4 

7.4 

29.62 

9,630 

425 

.040 

1,080 

1,035 

7.4 

43.  72 

32.95 

9,630 

441 

.038 

1,035 

978 

43.  72 

7.4 

29.46 

29,332 

382 

.036 

978 

926 

7.  4 

7.4 

29.37 

9,630 

439 

.034 

926 

858 

7.  4 

36.24 

34.12 

9 ,630 

433 

. 032 

858 

765 

36.  24 

7.4 

30.04 

32,875 

396 

.028 

768 

672 

7.4 

7.4 

30.5  3 

9,630 

388 

. 024 

672 

562 

7.  4' 

23.74 

29.87 

9,630 

^TURBOMACHINES. 
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iv 


(lbfin) 

^2 

(in) 

N 

(106  lb) 

A 

. (in2) 

vh 

^0  1 

(lb/in) 

(lb%2n) 

9,630 

34.12 

2.802 

268.2 

17,370 

108.2 

99.1 

9,630 

31.  37 

3.342 

322.2 

25,870 

104.3 

97.7 

27,297 

28.  99 

3.812 

374.0 

33,890 

102.6 

97.5 

9,630 

33.  87 

4.219 

411.5 

34,090 

104.5 

102.1 

9,6  30 

30. 20 

4.415 

419.1 

35,030 

102.1 

100.3 

26,649 

27.  38 

4.571 

425.0 

35,760 

100.3 

100.1 

9,6  30 

33.  70 

4.594 

425.9 

35,870 

100.1 

100.3 

9,630 

30.95 

4.571 

425.0 

35,760 

100.3 

100.8 

26,844 

26.25 

4.534 

423.6 

35,590 

100.  8 

101.4 

9,630 

33.  87 

4.474 

421.4 

35,300 

101.4 

103.2 

9,630 

30.62 

4.320 

393.0 

36,550 

96.  3 

97.9 

27,655 

26.85 

4.183 

388.0 

35,850 

97.9 

99.8 

9 ,630 

33.  37 

4.027 

382.2 

35,030 

99.8 

103.0 

9,630 

29.62 

3.  778 

358.  8 

35,010 

98.1 

100.8 

29,332 

28.  13 

3.5  76 

351.2 

33,860 

100  . 8 

105.2 

9,630 

34.28 

3.285 

326.9 

33,410 

100.0 

105.8 

9,630 

29.37 

2.933 

301.0 

32,400 

100.  2 

105.8 

32,875 

30.54 

2.629 

2 77.6 

31,490 

100.0 

107.9 

9 ,630 

33.  62 

2.257 

252  .3 

29,740 

101.5 

113.9 

9 ,630 

30.  53 

1.794 

194.4 

23,020 

99.7 

113.4 

43,844 

28.  37 

1.385 

141.2 

16,310 

97.2 

116.3 
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Three  typical  longeron  sizes  appear  in  the  analysis: 


All  Equilateral  Triangles 


t - 0.080"  (typ.) 

FIGURE'  19  Typical  Longeron  Section 


3.325 

53.204 

13.  856 

2.494 

22.445 

10.392 

1.663 

6.650 

6.928 

A = 3Bt ; I - %B3t;  B = I H 

V3“ 

The  longeron  is  of  constant  section  (12  in.)  between  frames 
7 and  24: 


FIGURE  2q  Longeron  Height  Variation 


i 

1 

I 
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The  dimensions  of  elements  shown  here  are  obtained  as  a result 
of  preliminary  calculations  based  on  pressure  p s 0.976  psi 
and  the  allowable,  cross  area  stress  in  tension  of  27,600  psi, 
In  particular,  the  following  simple  equations  were  used  to 
determine  the  amount  of  material  used. 

tmin  = R/ 28,279  skin  thickness  from  hoop  tension 

N£  =■  122  R,  axial  force  in  main  frame 

Mr  s 9485  R,  bending  moment  in  the  main  frame 

h ~ 0.1046  R,  effective  depth  of  main  frame 

Nf  2Mr 

a = 27,600  « -v—  + ——  , to  determine  the  area  of  main 
Af  Afh  frame 

Af  e R/282.75,  section  area  of  secondary  frame 
R = inches 

The  values  of  N^,  Mf,  h and  A£  are  shown  in  Table  6 . 


5 . 4 FI,NJTR,-,EXI-MKNT  MODEL,  OF  LONGERON , PRESSURE 
CONDITION.  MC  200. The  model  of  longeron  extending  over 
major  portion  of  hull  is  essentially  a repetition  of  the  model 
in  Fig.  17  over  21  frame  bays,  or  42  times.  Fig.  21  shows 
a segment  of  a longeron  extending  over  a bay  which  has  a main 
frame  on  the  left  and  a secondary  frame  on  the  right  Fig.  22 
shows  the  numbering  over  the  first  four  bays  - only  the  node 
numbers  located  on  the  longeron  are  shown.  A main  frame  is 
always  followed  by  two  secondary  frames. 

The  maximum  radial  stiffness  of  skin  per  unit  length  k is 
calculated  by  Eq.(l)  and  shown  in  Table  7 as  kp£  and 

k02  (left  and  right  end  of  bay  respectively,  when  the  bow  is 
on  the  left).  It  is  also  used  in  the  determination  of  con- 
stants of  the  springs  representing  the  skin,  but  in  somewhat 
different  manner  than  was  done  in  Section  5.2.  The  constant 
of  a discrete  spring  located  in  the  immediate  vicinity  of  a 
frame  is 


While  for  the  springs  which  are  farther  away  than  one  node 
space  from  the  frame  corner: 


k! 

i 


»ik 


oli 


I 


'i 


r 

1 

.■■I 

A 

j 


:l 

. i 

v;* 


Table  7 shows  the  constants  of  all  pertinent  springs. 

Regardless  of  the  frame  type  the  radial  stiffness  is  deter- 
mined by 


k£  « io6Af  = 2.7227  x 106Af/R 

The  secondary  frames  are  sized  according  to  A = R/ 282.75, 
therefore 

k£  = 9,630  lb/in 

The  calculated  values  of  k£  are  shown  in  Table  6.  When 
denoted  by  k£1  and  k£2  in  Table  7 , these  values  represent 

the  frame  rigidities  on  the  left  and  right  of  each  bay, 
respectively . 

Quantities  b,  and  b2  appearing  in  Table  7 are  the  node 
spacing  according  to  Fig.  21 


FIGURE  21  Typical  Frame  Bay 


TABLE  8 Spring  Constants 


Node 

h 

(in) 

Frame 

No.  k/kQ 

k» 

(lb/in) 

1 

10.10 

5 

1,092 

2 

20.19 

2,185 

M3 

25.02 

2,707 

4 

29.85 

3,230 

5 

29.  85 

.5 

1,615 

6 

29.  85 

.5 

1,615 

7 

29.  85 

.5 

1,615 

8 

46.91 

5 .5' 

2,538 

9 

49.04 

6 .5 

2,430 

10 

34.12 

.5 

1,691 

11 

34.12 

.5 

1,691 

12 

34.12 

.5 

1,691 

13 

34. 12 

.5 

1,691 

14 

20.  76 

2,057 

S15 

7.40 

733 

16 

7.4 

733 

SI  7 

7.4 

772 

18 

19. 39 

2,022 

19 

31.37 

.5 

1,636 

20 

31. 37 

.5 

1,636 

21 

31.37 

..5 

1,636 

22 

31,37 

.5 

1,636 

2,454 


23 


47.05 


6 
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Node 

h 

(in) 

Frame 

No. 

k/k0 

k' 

(lb/in) 

24 

47.05 

7 

.5 

2,298 

25 

31.  37 

.5 

1,532 

26 

31. 37 

.5 

1,532 

27 

31.37 

.5 

1,532 

28 

31.37 

. S 

1,532 

29 

19.38 

1,893 

S30 

7.4 

723 

31 

7.4 

723 

S32 

7.4 

759 

33 

21.1 

2,165 

34 

34.8 

. 5 

1,785 

35 

34.8 

.5 

1,785 

36 

34.8 

.5 

1,785 

37 

34.8 

.5 

1,785 

38 

49.  3 

7 

.5 

2,529 

39 

46.  4 

8 

.5 

2,262 

40 

29.0 

.5 

1,414 

41 

29. 

.5 

1,414 

42 

29. 

.5 

1,414 

43 

29. 

2,828 

M44 

26.9 

2,623 

45 

24.  8 

2,418 

46 

24.8 

2,418 
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TABLE  8 continued 


Node 

(in) 

Frame 

No. 

*/k0 

k' 

(Ib/in) 

70 

30.2 

.5 

1,515 

71 

30,2 

.5 

1,515 

72 

30.2 

.5 

1,515 

73 

30.2 

. 5 

1,515 

74 

18.8 

1,886 

S75 

7.4 

742 

76 

7.4 

742 

S77 

7.4 

742 

73 

20.  S 

2,056 

79 

33.  5 

.5 

1,680 

80 

33.5 

.5 

1,680 

81 

33.  5 

.5 

1,680 

82 

33.5 

.5 

1,680 

83 

47.2 

10 

.5 

2,367 

84 

44.1 

11 

.5 

2,20  7 

85 

27.4 

.5 

1,371 

86 

27.4 

.5 

1,371 

87 

27.  4 

.5 

1,371 

88 

27.4 

2,743 

M89 

26.6 

2,663 

90 

25. 8 

2,583 

91 

25.  8 

2,583 
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TABLE  8 Continued- 

Frame  k' 


Node 

(in) 

No. 

k/kQ 

(lb/in) 

92 

25.8 

* 

2,583 

M9  3 

26.7 

2,673 

94 

27.6 

2,763 

95 

27.6 

.5 

1,381 

96 

27.6 

.5 

1,381 

97 

27.6 

.5 

1,381 

98 

44.4 

11 

.5 

2,222 

99 

47.5 

12 

.5 

2,382 

100 

33.  7 

.5 

1,690 

101 

33.  7 

.5 

1,690 

102 

33.  7 

.5 

1,690 

103 

33.  7 

.5 

1,690 

104 

20.  6 

2,066 

S105 

7.4 

742 

106 

7.4 

742 

S107 

7.4 

742 

108 

19.2 

1,926 

109 

31.0 

.5 

1,555 

110 

31.0 

.5 

1,555 

111 

31.  0 

.5 

1,555 

112 

31.0 

.5 

1,555 

113 

46.4 

12 

. 5 

2,327 

.5  2,339 


114 


46.4 


13 


TAHLE  8 continued 


Node 

(in) 

No. 

kA0 

(lb/in) 

115 

31.0 

.5  ' 

1,562 

116 

31.0 

.5 

1,562 

117 

31.0 

. 5 

1,562 

118 

31.0 

.5 

1,562 

119 

19.2 

1,935 

S120 

7.4 

746 

121 

7.4 

746 

S122 

7.4 

746 

123 

19.8 

1,996 

124 

32. 3 

.5 

1,628 

125 

32. 3 

.5 

1,628 

126 

32,3 

. 5 

1,628 

127 

32.3 

. 5 

1,628 

128 

45.4 

13 

. 5 

2,288 

129 

42.4 

14 

.5 

2,150 

130 

26.3 

.5 

1,333 

131 

26.3 

. 5 

1,333 

132 

26.3 

. 5 

1,333 

133 

26.3 

2,667 

Ml  34 

25.9 

2,626 

135 

25,5 

2,586 

136 

25.5 

2,5  86 

2,586 


137 


25.5 


TABLE  8 

Continued- 

Node 

L 

(in) 

Frame 

No. 

M138 

26.7 

139 

27.8 

140 

27.8 

141 

27.8 

142 

27.8 

143 

44.8 

14 

144 

47.8 

15 

145 

33.9 

146 

33.9 

147 

33.9 

148 

33.9 

149 

20.6 

S150 

7.4 

151 

7.4 

S152 

7.4 

153 

19.0 

154 

30,6 

155 

30.6 

156 

30.6 

157 

30.6 

158 

45.9 

15 

159 

45.9 

16 

.5 
.5 
. 5 
. 5 
.5 
.5 
.5 
.5 
. 5 


. 5 
. 5 

.5 
.5 
. 5 
. 5 


k' 

(lb/in) 

2,707 
2,819 

1,409 

1,409 

1,409 
2,271 
2,466 

1,749 

1,749 

1,749 

1,749 
2,126 
764 
764 
713 
1, 830 

1,473 

1,473 

1,473 

1,473 
2,210 
2,247 
1,498 


160 


30.6 


5 
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TABLE  8 continued- 

Node  (in) 

Frame 

No. 

k/kn 

k' 

• (lb/in) 

V 

207 

29.6 

.5  ' 

1,492 

208 

29.6 

. 5 

1,492 

209 

18.  5 

1,865 

S210 

7.4 

746 

211 

7.4 

746 

S212 

7.4 

746 

213 

20.2 

2,036 

214 

32.9 

. 5 

1,658 

215 

32.9 

. 5 

1,658 

216 

32.9 

. 5 

1,658 

217 

32.9 

.5 

1,658 

218 

47.0 

19 

.5 

2,369 

219 

44.6 

20 

.5 

2,346 

220 

28. 1 

.5 

1,478 

221 

28.1 

.5 

1,478 

222 

28,  1 

. 5 

1,478 

223 

28.1 

2,9  56 

M224 

25.0 

2,630 

225 

21.9 

2,304 

226 

21.9 

2,304 

227 

21.9 

2,190 

M2  2 8 

25.7 

2,5  70 

229 

29.5 

2,950 
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TABLE  8 

Continucd- 

Node 

(in) 

Frame 

No. 

k/kn 

k' 

(lb/ in) 

230 

29.5 

.5  ' 

1,475 

231 

29.5 

.5 

1,475 

232 

29.5 

. 5 

1,475 

233 

46.6 

20 

. 5 

2,330 

234 

49.0 

21 

. 5 

2 ,592 

235 

34.3 

. 5 

1,814 

236 

34.3 

.5 

1,814 

237 

34.3 

.5 

1,814 

238 

34.3 

.5 

1,814 

239 

20.8 

2,201 

S240 

7.4 

783 

241 

‘ 7.4 

783 

S242 

7.4 

741 

243 

18.4 

1,844 

244 

29.4 

. 5 

1,473 

245 

29.4 

. 5 

1,473 

246 

29.4 

. 5 

1,47  3 

247 

29.4 

. 5 

1,473 

248 

44.1 

21 

.5 

2,209 

249 

44.1 

22 

.5 

2,333 

250 

29.4 

.5 

1,55  5 

251 

29.4 

.5 

1,555 

252 

29.4 

.5 

1,555 

“'"’•T'W! 
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TABLE  8 

Node 

continued- 

»» 

(in) 

Frame 
■ No, 

k/k0 

k' 

(lb/in) 

253 

29.4 

.5 

1*555 

254 

18.4 

1,947 

S255 

7.4 

783 

256 

7.4 

783 

S257 

7.4 

740 

258 

20.  8 

' 

2,080 

259 

34.1 

.5 

1,705 

260 

34. 1 

.5 

1,705 

261 

34.1 

* 

.5 

1,705 

262 

34. 1 

.5 

1,705 

263 

49.4 

22 

.5 

2,470 

264 

47.6 

23 

.5 

2,568 

265 

30.5 

.5 

1,645 

266 

30.5 

.5 

1,645 

267 

30,5 

.5 

1,645 

268 

30.5 

3,291 

M269 

24.3 

2,622 

270 

18, 1 

1,953 

271 

18.1 

1,953 

272 

18. 1 

1,837 

M2  7 3 

24.1 

2,446 

274 

30.0 

3,045 

275 

30.0 

.5 

1,523 

'VLr''.:tL  iiol »A-. i ^ . »-> 
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5. S Force  and  Displacement  Input,  Pressure  Condition, 
MC  200.  The  approach  is  the  same  as  in  Section  5.2.  The 
axial'  "forces  are  calculated  by  hand,  while  the  lateral  inter- 
action forces  are  generated  by  "ansys"  program.* 

Lateral  Action.  Table  9 shows  the  initial  discontinuity  Ar 
between  the  skin  and  the  frames.  This  discontinuity  is 
removed  by  the  interaction  forces  in  the  course  of  program 
execution , 

pR2  0.976  R2  , CR/1000)2 

Ar=  tfr-  = -in -k  ■■■■■■rsfe — = 


The  average  thickness  is  used  whenever  there  is  a jump  of 
thickness  at  a frame  station. 

The  initial  value  of  P * 10,000  lb  is  used  as  an  interaction 
force  at  every  secondary  frame  and  P = 20,000  lb  at  every 
main  frame.  The  nonlinear  gap  elements  described  in  Section 
5.2  prevent  the  interaction  forces  from  exceeding  their  true 
values . 


TABLE  9 Gap  Discontinuity. 


V 

n) 

Ar 

(in) 

Center 

Node 

No. 

ANt 

(lb) 

38 

2.256 

1 

17,370 

39 

2.622 

16 

8,500 

41 

2.845 

31 

8,020 

435 

2.967 

46 

200 

45 

3.002 

61 

940 

45 

3.108 

76 

730 

45 

3.123 

91 

110 

45 

3.108 

106 

-110 

45 

3.082 

121 

-170 

45 

3.  042 

136 

-290 

1435 

2.937 

151 

1,250 

ANSYS  Program"  - General  Purpose  Engineering  Computer  Progra 


% 
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TABLE  9 continued- 


Frame 
' No. 

t 

' av 
(in) 

Ar 

(in) 

Center 
Node 
' No. 

AN. 

cibr 

16 

.042 

3.  047 

166 

-700 

17 

.042 

2.933 

181 

-820 

18 

. 041 

2.819 

196 

-20 

19 

.040 

2.735 

211 

-1,150 

20 

.039 

2.577 

226 

-450 

21 

.037 

2.425 

241 

-1,010 

22 

.035 

2.298 

256 

-910 

23 

.033 

2.093 

271 

-1,750 

24 

.030 

1.830 

286 

-6,720 

25 

.026 

1.629 

301 

-6,710 

26 

. 024 

1.235 

316 

-11,410 

Axial  Forces. 

In  the  hull  section  of 

radius  R: 

N e irR2p 

“ irR2  x 

0.976  = 3. 

0662R2 

Area  total: 

A a 2irRt  + 24A,^ 

2 

For  typical  12  in. longeron  A^  = 3.325  in  : 

A 83  27rRt  + 79.8 
Force  in  longeron: 


For  12  in.  longeron: 
Nj  = 3.325  N/A 
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The  quantities  A,  N,  and  are  shown  in  Table  7 

The  increments  of  axial  longeron  load  are  shown  in  Table  9 
These  values  are  applied  to  the  model  at  the  nodal  points. 

5 . 6 Results  Of  Computer  Analysis,  Pressure  Condition, 
MC  20  0.  Table  10  shows  the  results “of  computer  printout 
after  the  second  (final)  iteration,  at  the  stations,  where 
the  skin  and  the  frame  come  in  contact.  The  notation  is  the 
same  as  in  Table  5 • 

Near  the  ends  of  the  longeron  segment  under  consideration  the 
input  values  were  averages,  rather  than  the  actual  longeron 
properties  as  implied  by  Figure  20  • The  stress  levels  on 
the  bow  side  (beginning  of  Table  10  ) are  high  and  therefore, 
a closer  examination  must  be  made. 

To  determine  the  location  of  nodal  points  of  interest, 

Table  .6  together  with  Figure  22  must  be  used. 


.663  6.65 


3 

5 

1502.4 

6.28 

15 

6 

1893.6 

8.95 

16 

6 

1901 

9.0 

16  6 1901  9.0  2.494  22.445  6 

The  computer  analysis  assumes  h *=  6.0  at  node  3 and  h 
at  node  15. 

TABLE  10  Longeron  Stress 

-y  at  , M aoc.  0 

Node  (in) 


3 1.434  11,186. 

15  1.234  6,780.6 

17  1.230  10,174. 

30  0.931  7,473.3 

32  0.953  9,806.9 

1.670  .9,749.1 

1.649  9.648. 


103  lb/in) 


87.632 

116.93 

115.81 

124.49 

164.48 

217.41 

215.22 


-42,334  37,542 
-24,561  22,410 
-20,860  25,654 
-11,316  16,833 
-14,928  22,173 
-23,031  26,095 
-22.739  25.829 


TABLE  10  continued- 


Nodc 


60 

62 

75 
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10J  lb/in 


.321 

9,517.6 

195.11  • 

-19,846 

24,186 

..322 

9,783.3 

195.82 

-19,677 

24,505 

..386 

9,704.7 

201. 82 

-20.688 

24,878 

..386 

9,908.1 

201.04 

-20.336 

2 5,0  23 

..731 

9,86  7.5 

224.90 

-24,015 

26 ,776 

..732 

9,812.7 

224.56 

23,984 

26,696 

..394 

9,746.3 

199.53 

-20,279 

24,747 

..395 

9,706.4 

200.15 

-20,407 

24,754 

..384 

9,680.7 

198.79 

-20,231 

24,626 

.383 

9,626.8 

198.48 

-20,237 

24,549 

..696 

9,644. 

218.44 

-23,254 

26,067 

..695 

7,924.6 

219.39 

-25,116 

24,419 

..324 

7,911.8 

188. 36 

-20,435 

22 ,073 

..  329 

8,286.3 

190.63 

-20,401 

22,618 

..389 

8,308.9 

197.69 

-21,436 

23,171 

L.  387 

8,105.0 

197.  35 

-21,593 

22,942 

L . 683 

8,182.5 

211.69 

-23,702 

24,098 

L . 6 82 

8,005.9 

211.55 

-23,886 

23,911 

L.  260 

8,020.7 

182.51 

-19,445 

21,743 

L.  264 

8,024.3 

184. 38 

-19,729 

21,887 

L.  221 

8,088.0 

178.95 

-18,843 

21,542 

I . 220 

7,754.5 

178.  48 

-19,114 

21,173 

L.  509 

7.916. 4 

190.36 

-20,707 

22,228 
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TABLE  10  Continued- 


Node 

-y 

_ (in) _ 

°t 

(psi) 

CIO3  lb/in) 

,ao$ 

(psi) 

(Psi) 

228 

1.524 

7,895.4 

191.81 

-21,081 

22,316 

240 

1.055 

7,906.2 

158.42 

-15,943 

19,817 

242 

1.058 

7,617.7 

160.38 

-16,536 

19,675 

255 

0.993 

7,715.0 

151.69 

-15,129 

19,119 

257 

0.996 

7,447.0 

152.24 

-15,482 

18,893 

269 

1.298 

7,777.1 

165.14 

-17,251 

20,193 

273 

1.  314 

7,365.8 

167.  S2 

-16,0-77 

19,961 

285 

0.  753 

7,296.5 

121.81 

-11,074 

16,455 

287 

0.  760 

5,262.3 

124.86 

-13,555 

14,650 

300 

0.  728 

7,332.1 

74.347 

-12,748 

17,269 

302 

0.738 

4,532.7 

77.011 

-16,179 

14,826 

314 

0.917 

11,629. 

47.256 

-21,088 

25,841 

Take  axial  forces  and  bending  moments  from  the  printout. 

At  Node  3: 

N « 18,603  lb 
M - 87,632  Ib/in 

oic  « 18,603/1.74  + 87,632  x 2.093/7.626  - 34,742  psi 
ooc  *»  18,603/1.74  - 87,632  x 4.187/7.626  * -37,422  psi 
At  Node  IS: 

N = 16,911  lb 
M * 116,930  lb/in 
a 
0 


oc 


16,911/2.48  + 116,930  x 2.984/22.075  = 22,625  psi 
16,911/2.48  - 116,930  x 5.967/22,075  = -24,788  psi 


¥ 
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It  may  bo  seen  that  while  at  Node  15  the  actual  and  the  print- 
out stress  are  nearly  the  same,  the  magnitude  of  stress  is 
over  estimated  by  the  program  at  Node  3. 

The  allowable  stress  is: 

Ft  = 32,850  psi 

F = 30,500  psi 

(The  outer  chord  assumed  to  buckle  at  FCy  = 61  ksi) 

At  Node  3: 

u c - 32,850  . n n _ -0.054 
M,b*  3T77TO  1,0  ” (tensTon) 

30,500  , „ -0.185 

M*S's  T77T2(T  “ 1<0  c (UompressTon) 

The  remedies  for  this  location  are  discussed  in  Section  5.8  . 

Other  critical  locations: 

At  Node  89: 

o oc  = 26,776  psi 

M‘S*  26,776  ' 1,0  T tens  ion) 

At  Node  138: 

OjLC  * -25,116  psi 

..  c 30,500  . . 0.21 

' E 25 ,116  " (compression) 

Table  11  shows  the  results  for  the  frames.  The  maximum 
tension  Is  reached  at  Frame  No.  7:  Ct  ■=  17,940  psi.  This 
hoop  tension  is  not  critical  by  itself,  but  it  is  combined 
with  other  components. 

Note  that  the  hoop  stress  is  smaller  in  the  main  than  in  the 
secondary  frames.  This. is  due  to  a larger  section  area  of 
the  former. 
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TABLE  11 

Frame  Stress 

Node 

Frame 

No. 

P/2 

(lb)  

' nh 

Of 

. (Psi). 

903 

5 

12,843 

98,121 

9,085 

915 

6 

6,768 

51,708 

14  ,013 

917 

6 

6,789 

51,868 

14,056 

930 

7 

9,252 

70,685 

17,940 

932 

7 

-9,146 

69,875 

17,735 

944 

8 

17,785 

135,877 

11,554 

948 

8 

18,135 

138,551 

11 ,782 

960 

9 

8,150 

62,266 

14,685 

962 

9 

8,145 

62,228 

14,676 

975 

10 

8,339 

63,710 

14,748 

977 

10 

8,342 

63,733 

14,753 

989 

11 

18,593 

142  ,051 

11,857 

993 

11 

18,581 

141,959 

11,850 

1005 

12 

8,296 

63,381 

14,672 

1007 

12 

8,290 

63,336 

14,661 

1020 

13 

8,219 

62,793 

14,603 

1022 

13 

8,225 

62,839 

14 ,613 

1034 

14 

18,103 

138,307 

11,613 

1038  14  18,105  138,322  11,614 
1050  15  7,808  59,653  14,203 
1052  15  7,783  59,462  14,158 
1065  16  8,024  61,303  14,843 

8,032  61,364  14,858 


1067 


16 
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TABLE  11 

Node 

continued- 

Frame 

No, 

P/2 

Ob)  ... 

tift 

°£ 

(psi) 

1079 

17 

17,333 

132,424 

11,377 

1083 

17 

17,357 

132  ,607 

11 ,392 

1095 

18 

7,555 

57,720 

14,687 

1097 

18 

7,537 

57,583 

14,652 

1110 

19 

7,344 

56  ,108 

14,688 

1112 

19 

7,348 

56,138 

14,696 

1124 

20 

15,755 

120,368 

10, 795 

1128 

20 

15,548 

118,787 

10,654 

1140 

21 

6,666 

5 0 , 9'2  8 

14,719 

1142 

21 

6,653 

50,829 

14,690 

1155 

22 

6,362 

48,606 

14,864 

1157 

22 

6,350 

48,514 

14,836 

1169 

23 

13,239 

101,146 

9,763 

1173 

23 

12,986 

99,213 

9,577 

1185 

24 

5,277 

40,316 

14,877 

1187 

24 

5,245 

40,072 

14,787 

1200 

25 

4,440 

33,922 

14,253 

1202 

25 

4,39  7 

33,593 

14,115 

1214 

26 

7,286 

55,665 

6,151 

128 
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S , 7 Flight  Condition  With  Deflated  Cell,  MC  2 0 0 . 

The  following  situation  Is  assumed  after  the  loss  of  pressure 
takes  place: 

1.  The  ship  is  flying  with  52  knots,  forward  velocity 
(87.766  ft/s). 

2.  It  encounters  a gust  with  the  vertical  velocity  of 
55  ft/sec  (This  assumption  is  on  the  conservative 
side.  35  ft/sc c is'  used  as  more  realistic  in  Sec  5.11' 

This  results  in  the  bending  moment 
Mm200  - 465 . 90  x 10^  inlb 

Frame  No.  17  is  the  smallest  radius  main  frame  subject  to 
this  maximum  moment.  1,146  in). 

There  are  24  longerons,  each  with  A = 3.325  in2.  When  this 
is  uniformly  distributed  on  the  circumference  of  the  cross 
section,  an  equivalent  thickness  £ is  obtained: 

2Aj  24  x 3.  325 
4 * WR  “ 2rr  x 1146 


To  simplify  the  calculation,  assume  that  only  the  longeron 
matorial  resists  the  bending  moment.  (This  is  conservative, 
as  no  credit  is  taken  for  the  skin  in  tension,)  Stress  from 
bending : 

a.  - -!%=  = -45UL ifii — - 10,102.  psi 

b nR2t  t r x 11462  x 0.011083 


The  axial  force: 

Nq  - Aob  = 3.325  x 10,102'  s 33,589'  lb 

The  buckling  force  for  a longeron  treated  as  a beam  on  an 
elastic  foundation  is: 

Ncr  - 2(kEI)JS 

Maximum  value  of  the  foundation  modulus  in  Table  7 is 
99.8  lb/in2  for  this  location.  No  more  than  one-half  of  this 
is  the  effective  value: 

Ncr  = 2 [(99.  8/2)  x 10.4  x 106  x 53. 2^  « 332,31  7 lb  • 


^TURBOMACHINES. 


For  a simply  supported  column: 
_ it  2 F,  I 


N 


cr 


Equivalent  free  length: 

,2  tt2EI  7T 2 x 10.4  x 106  x 53.2 
1 a ft—  » 3T275T7 


'cr 

1 - 128. 2 in. 


I 


FIGURE  23  Longeron  Loading  Pattern 

Figure  23  shows  the  loading  pattern  of  a longeron,  immedi- 
ately adjacent  to  the  main  frame  on  its  deflated  side. 

When  the  hull  is  fully  inflated,  the  computer  analysis  shows 
the  bending  moment  at  Frame  No.  17  (Node  No.  179)  is 

M « 211,690  inlb 

It  is  estimated  that  upon  deflation  this  moment  will  drop 
to  50%  of  its  initial  value.  Thus, 

Mq  - 0.5  x 211,690  - 105,845  inlb 

Resultant  compressive  stress  at  the  left  end: 


N Me  37,790  105,845  x 8 

0 ■ s2  Hr  “ srnr-*  — srn — 


27,282  psi 


Check  if  the  factor  of  safety  is  indeed  two,  i.e.,  check  on 
the  stress  when  the  loading  is  doubled. 
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When  the  axial  force  is  sufficiently  large,  the  maximum 
bending  moment  is  not  at  the  support,  but  at  some  distance 
x^  away  from  it.  , 

s j arc  tan  (-cotU) 

j « (BI/N) ^ = (10.4)  (10)6  (53,2)/(2)  (33,882)**  » 90,36 
U = l/j  = 128.2/90.36  = 1.4188 
Therefore, 

Xj_  = 90.36  arc  tan  (-cot  1.4188)  - -13. 83  . in. 

The  negative  value  of  x,  indicates  that  the  maximum  moment 
occurs  over  the  support;  (The  axial  force  is  too  small 
to  give  a beam-column  effect.) 


max 
F - 

M.S. 


= 2 x 27,282  - 54,564  lb/in2 


F v » 61,000  lb/in2 


61,000  *1  n 

rot?  ■ 1,0 


0.12 


5.8  Local  Reinforcements  Required,  MC  200.  The  only 
location  where  the  longeron  is  shown  overstressed,  is  Node  3. 
This  is  the  result  of  an  unfortunate  combination  of  structural 
parameters,  The  main  reason  for  the  overstressing  is  that 
the  depth  of  the  longeron  is  too  small.  The  bending  stress 
is  inversly  proportional  to  the  (depth) L of  an  idealized 
constant-thickness  section.  The  necessary  minimum  depth: 


mm 


i 

- Y 

= h jr- 

V c/ 


6.28 “ 6.96  in.  say  7 in. 


Of  course,  an  increase  in  stiffness  attracts  more  load,  but 
that  will  not  be  of  a great  influence  here. 

The  conclusion  is  that  Figure  20  should  be  suitably  modified 
to  show  about  a 7 in.  deep  section  at  Frame  No.  5. 

5.9  Pressure  Condition,  MG  100.  The  analysis  will 
be  very  similar  to  what  was  developed  in  Sections  5.2 
through  5.6  for  MC  200. 

The  hull  is  uniformly  pressurized  with  p = 0.6733  psi 
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Only  a segment  of  the  hull  between  the  Frames  No.  7 and  10 
is  analyzed.  Figure  24  shows  the  spacing  of  the  two 
secondary  frames  changed  slightly  to  obtain  uniform  spacing. 
This  has  negligible  effect  on  the  result,  but  saves  a 
considerable  analysis  time. 

For  the  purpose  of  this  calculation  the  cross-section  of  a 
longeron  is  as  in  Figure  25  . The  outer  chord  is  assumed 

to  bo  of  such  proportions  that  it  can  withstand  oc  s Fcy 

A - 3 x 12.12  x 0.060  « 2.182  in.2 

I * *4(12. 12)  3 x 0.060  « 26.71  in.4 

There  are  z « 42  longerons. 


3147.4  in 


a 

2152  in. 


FIGURE  25  Longeron  Cross-section 
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Skin  thickness  is  constant,  t a 0.020  in. 

The  effective  depth  of  a main  frame  is  110  in. 

2 

Section  area  A.  = 8.2  in. 

± 


FIGURE  26  Main  Frame  Cross-  section 


The  effective 


depth  of  a secondary  frame  is  12.8  in. 
in. 


Section 


FIGURE  27  Secondary  Frame  Cross-section 

The  model  of  the  longeron  segment  is  in  Figure  2 8_  . The 

foundation  (skin) springs  are  not  shown,  but  they  are  placed 
as  was  done  for  the  previous  model.  Numbering  of  fixed  nodes 
of  the  foundation  springs  is  consecutive  beginning  with 
Node  No.  51. 

Jhe  constants  of  the  skin  rings  are  calculated  from  Equation: 


k * !irEt  . 2tt  x 10.4  x 106  x 0.020  = 31.  12  1000 

o zR“  42  x R ~ R 

These  constants  for  various  locations  are  shown  in  Table  12  . 
Lumping  of  the  continuous  foundation  into  discrete  springs 
is  performed  in  the  same  manner  as  in  Section  5.4  . 
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FIGURE  28  Longeron  Segment 
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TABLE  12  continued- 


Node 

No. 

Frame 

No. 

(lb^in) 

k/kQ 

1 i 

(in) 

k’ 

(lb/in) 

44 

1.0 

21.23 

680.2 

45 

1.0 

22.2 

711. 3 

46 

10 

32.04 

1.0 

11.1 

355.6 

The  initial  radial  discontinuity  is  calculated  from: 

„r«  E£i  - 0.6733R2  . 2 

Et  10.4  x 10°  x 0.020  V555.£/ 


Frame 

R 

Cin) 

Ar 

(in) 

7 

922 

2.  752 

8 

947 

2.903 

9 

964 

3.008 

10 

971.4 

3.055 

At  every  spring,  representing  a half  of  a main  or  a secondary 
frame,  thero  is  a lateral  force  of  20,000  or  10,000  lb  respec- 
tively, which  is  attempting  to  close  the  discontinuity. 

The  axial  force  in  a hull  section: 

N - ttR2p  « uR2  x 0.6733  = 2.1152R2 

Cross-Section  area: 

■ A - 2irRt  + 4 2 A ^ 

t J 

Longeron  area  K 2.182  m. 

A - 0. 12S66R  + 91.644 
Force  in  longeron: 

A-  2.182 

Ni  K 3Tn  “ “T“N 


m 
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TABLE  13  Typical  Longeron  Forces 


Frame 


cio6  ib: 


ANi 

CIS) 


The  spring  constants  of  the  frames  are  calculated  by  Equation 


2rrEAf  2ir  x 10,4  x 10°Af  A- 

kf  ' -TIT1  ■ TO i’556  1 106  TT 

The  calculations  are  shown  in  Table  14 


TABLE  14  Spring  Forces 


The  results  of  computer  analysis  are  presented  in  Table  15 
Three  iterations  were  performed. 

The  largest  tension  is  at  Node  32,  inner  chord: 

ot  = 21,433  psi 

M c . 32,850  ,0.53  

M,S*  21,433  1,0  "(tension) 

The  largest  compression  occurs  at  Node  30,  outer  chord: 

ac  » 15,161  psi 

M e - 30,500  l._01 

TS.lGl  1,0  "Chomp  ress  ion) 


The  compressive  outer  chord  stress  appears  only  in  the  vicinit 
of  frames. 


TABLE  IS  Computer  Analysis  Results 


Node 

' ' y 

(in) 

at 

(psi) 

, M 

CIO3  lb/ini 

aoc 

(PS*) 

,aic.. 

..  (PSi). 

1 

1.942 

9,006 

16.033 

4,804 

11,107 

2 

1.927 

9,014 

32,261 

559 

13,241 

3 

1:850 

9,039 

81. 271 

-12,260 

19,689 

4 

1.662 

9,050 

28. 329 

1,626 

12,762 

14 

1. 551 

9,015 

74. 465 

-10,513 

18,773 

15 

1.560 

9,003 

89.994 

-14,588 

20,795 

16 

1.572 

9,207 

89.292 

-14,404 

20,908 

17 

1.566 

9,212 

90.431 

-14,492 

21,062 

18 

1.546 

9,219 

75. 307 

-10,524 

19,087 

29 

1.593 

9,222 

77. 538 

-11,104 

19,383 

30 

1.613 

9,216 

93.000 

-15,161 

21,403 

31 

1.620 

9,315 

91. 782 

-14,841 

21,342 

32 

1.616 

9,321 

92. 432 

-14,909 

21,433 

33 

1.  598 

9,336 

76.442 

-10,712 

19,353 

43 

1.834 

9,382 

31. 429 

1,146 

13,501 

44 

2.044 

9,372 

88. 389 

-13,819 

20,955 

45 

2.131 

9,345 

36.677 

-274 

14,151 

46 

2.150 

9,339 

19. 555 

4,214 

11,901 
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Table  16  shows  the  results  for  the  frames.  The  maximum 
tension  is  reached  at  Frame  No.  9:  at  *»  15,050  psi.  This 
hoop  tension  is  not  critical  by  itself,  but  it  is  combined 
with  other  components. 

TABLE  16  Secondary  Frame  Results 


Node 

L03 

LIS 

L17 

130 

132 

144 


Frame 

No. 

7 

8 
8 
9 
9 

10 


P/2 

(lb) 

6,248 

3,182 

3,187 

3,265 

3,259 

6,648 


Nf 

Ob) 

_ (Psi) 

42,540 

43,650 

43,570 

15,020 

88,877 

10,840 

5. 10  Flight  Condition  With  Deflated  Cell,  MC-100. 

The  approach  is  exactly  the  same  as  in  Section  5.  71 

When  the  flight  velocity  is  52  knots  and  the  gust  velocity  is 
55  ft/s,  the  maximum  bending  moment  is: 

Mmi00:"’C1'48‘254')  .x  CIO)6  in/lb  Ref.:  Page  129. 

Frame  No.  16  is  the  smallest  radius , main  frame  subject  to 
this  maximum  moment  (R  = 911  in). 

There  are  42  longerons,  each  with  A =>  2.182  in2.  Equivalent 
thickness : 


_ zAl  42  x 2.182 
1 = Hr  " 2tt  x 911.0 


0.01601  in. 


Compressive  stress  due  to  bending: 

a.  - Qi 8_i.25_iUL0^ „ 3 5, 

° iTR2t  tt  x 9112  x 0.01601 

The  axial  force: 

N0  » Aob  = 2.182  x 3„S52  = ’7:  ,750'  lb 
Buckling  force  : 


psi 


:E1 
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Skin  thickness  at  this  location  is  .020  in. 


Maximum  stiffness  of  tho  elastic  foundation  calculated  as 
in  Section  5.2. 


2 7T K t 2 it  x 10.4  x 106  x 0.020 


« 34.16  Ib/in 


Use  only  one-half  of  this  value,  or  k a 17.08  lb/in  as  the 
effective  constant. 

Ncr  = 2 (17.08  x 10.4  x 106  x 26. 71)**  - 137,760  lb 
Equivalent  free  length: 

,2  7T 2 H I it2  x 10.4  x 106  x 26.71 

1 “ 'n^t  nr, Too 

l * 141.1  in. 

The  same  loading  pattern  as  in  Figure  23 

When  the  hull  is  fully  inflated,  the  computer  printout  shows 
the  bending  moment  in  Frame  No.  7 (Node  No.  3)  as: 

M - 81,271  inlb 

50$  drop  upon  deflation: 

M0  ■ 40,636  inlb 

Resultant  compressive  stress,  outer  chord,  end  of  column: 

N MQC  13,583  40,636  x 7.0 

a *»  — + « +~ ^ « 16,875  psi 

A I 2.182  26*71 


Similarly  to  Section  5.7,  doubling  of  the  load  will  not 
cause  more  than  doubling  of  the  resultant  stress,  because 
the  ratio  of  N/N  is  relatively  small. 


w n _ 30,500  , „ 0.81 

M*s*  " IF7F75  "1*°  = fcTom 


ompress ion) 


.... 


Okr 
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In  the  same  beam,  without  an  axial  force,  the  bending 
moments  will  be  •' 


(0. 349] (160.2)^  * 746.4  inlb 


Mo  e I Mo  " 373 . 2 inlb 


The  stretching  force  is  : 


N - (0.628  - 0 . 349)  (1224)  - 341.5  lb 
The  true  moments  are  : 


M-  - (746. 4)  (l)  (18.43)(10)"3/341.S)  ■ 5.236  inlb 


M"  a |z  (373.2)  ■ 12  . 24  (10) " 3 inlb 

Corresponding  bending  stress 

c'i  ■ M7/t2»  (6)  (5 . 236)  (0.024)2  - 54,542  lb/in2 

b 

= 128  lb,/in2 

While  the  bending  stress  near  the  supports  (longerons)  is 
excessive,  the  center  bending  is  negligible.  The  bending 
moment  stress  in  the  skin  at  longerons  is  reduced  by  extend- 
ing the  thicker-than-skin  (t.base  * 2 1 s ]<; j « ) Bases  of  longerons 
parallel  to  their  base  sides,  a measure  described  in  section  5, 
of  this  report.- - 

MC-100  at  Maximum  Diameter. 

This  calculation  follows  closely  that  of  MC-200,  as  much  as 
the  data  permit. 

R *=  971.4  in. 

z e 42  (Number  of  longerons) 
l « 2 R/42  * 145.3  in. 
t = 0.020  in. 

Maximum  longeron  displacement,  from  computer  printout: 

Ar  « 2. 15' in. 

Pressure  load  p = 0.6733  lb/in2 


is&sitc’/dj  i g.i.ji  'virritfrffitB 


iiiiiaaii 
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Section  properties  of  the  circumferential  strap  of  skin: 
A " 0, 020  in2  (et) 

I = 1 t3  » 0.6667C10)'6  in4 

A L 

El  « 10 . 4 (10) 6 CO • 666 7) (10) “6  » 6.933  lb/in2 
Buckling  load: 

Ncr  » ~T~  EI«(jj573^  2 (6.933)  » 12.96(10)'S  lb 
Evaluate  the  bending  component  of  pressure  from 


l2 

TOr+  1 
Stretching  force 


~3- » 0.2974  lb/in2 

14S . 32 

T87T9TT7TJT2. 15}  * 1 


N - (0.6733  - 0.2974)971.4  - 36S.1  lb 
Bending  moments,  if  no  axial  force  present: 

Mo  ” TIwl2  “ {~2  CO.  2974)  (.145. 3)  2 * 523.2  inlb 

Mo  = \ Mo  a 261 -6  inlb 
True  Moments  : 

/N  \1/2 

M’  * Mq  KfT^)  - 523.2  | (12.96)(10)'3/365.1)1/2  2.977 

ir 

M"  « = “2  (12 .96)  (10)  "V 36 5. 1)261. 6 » 5.65X30) 

it  / 77  ir 

Corresponding  bending  stress: 

- 6M’/t2  » (6)  (2.977)/0.0202  = 44  ,655  lb/in2 

o”  * 85  lb/in2 
b 

Again  the  bending  stress  at  the  center  is  negligible,’  while 
the  bending  near  end-points  is  excessive. 


Effect 
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of  Longeron  Doublor'  On  Bending 


of  Skin 


The  theory  presented  in  the  previous  section  is  applicable 
only  to  the  constant  - section  band  of  skin.  Assume  a 
doubler  of  the  following  form.  (.  see  Figure  29  ). 


Length  "1"  is  measured  between  longeron  centerlines. 


The  simplest  estimate  of  the  change  in  bending  stress  as  a 
result  of  introduction  of  doublers  is  to  apply  the  previously 
calculated  bending  moments  to  the  new  total  skin  thickness. 
This  is  partially  justified  by  the  fact  that  there  is  very 
little  bending  in  "the  beam-column  except  the  immediate 
vicinity  of  ends.  Doubling  the  thickness  near  the  ends  would 
then  result  in  reducing  the  bending  stress  four  times. 


FIGURE  29  Longeron  Doubler 

The  next  degree  of  approximation  is  to  take  into  account  the 
diminishing  effect  of  the  stretching  force,  when  the  thick- 
ness of  beam  (or  of  a part  of  it)  increases.  This  will  be 
done  by  means  of  calculating  the  new  value  of  the  buckling 
force  and  then  repeating  the  previous  calculations. 

MC-200 

Assume  = t a 0.024  in. 

- 20  in, 

Tp  avoid  excessive  computations,  only  a gross  estimate  of  new 
Ncr  will  be  made.  NCv.  is  proportional  to  t3  for  a constant 
thickness  beam.  Doubling  of  the  whole  thickness  would  mean 
adding  (7)Ncr  to  the  present  value. Taking  length  into  account: 

Ncr  ~ Ncr  * TFof2~^(7Ncr)  = 2.748  Ncr 
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(2.748)  Ncr  indicates  that  the  end  moment  will  grow  by  \fl , 748  . 
Bending  stress  is  proportional  to  the  bending  moment  and 
inversly  proportional  to  the  square  of  thickness: 

°b  e 54542  = 22^604  lb /in 2 


MC-100 

Assume  tj  - t = 0.020  in. 


ld=  18  in , 


Ncr  " Ncr  + (7Ncr)  " 2,734  Ncr 


The  end  moment  will  grow  by  /FTT? 
New  bonding  stress  near  supports: 

/n  \ 2 


o'b  - 44,655  •'2TT3T  a 18,460  lb/.in2 

The  calculated  bending  stress  must  be  superimposed  on  the 
hoop  stress,  which  is  also  diminished  because  of  presence  of 
the  doubler. 


MC-200 


MC- 200 


p ■ 0.628  lb/ in 2 

R - 1224  in . 

t - 0.048  in.  (total) 


a a tT  + °b  " + 22604  = 38618  lb/inZ 


u c 32850 
M,S<  = T86T8 


1.0  a Neg_i. 

(Bend , +Tens . ) 


p - 0.6733  lb/in2 
R = 971.4  in. 


0. 040  in . 


(total) 


+ 0«  B (0.67  33) 
t b ' 0.04  0 


+ 18460  - 34811  lb/in 


M.S.  * 


3J850 

348TT 


_ Nog. 

(Bend.  + Tens.) 
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It  is  shown  above  that  the  skin  is  overstressed,  but  this 
docs  not  necessarily  mean  so,  as  the  estimate  may  be  in- 
accurate with  respect  to  skin  with  a doubler.  A step  in 
the  right  direction  is  to  employ  finite-element  techniques. 

A following  model,  which  is  representative  of  MC-200  con- 
figuration was  analyzed  using  "ANSYS"  computer  program. 

The  loading  consists  of  stretching  with  the  force  N = 341.51b 
and  lateral  load  0.349  lb/in^,  The  number  of  elements 
employed  is  relatively  small,  which  makes  the  model  coarse, 
but  is  sufficient  within  the  scope  of  this  report. 


1 

1123456  7 8 9 10  11 

\ 12  13  14  15  161820' 

S 

r~" — ’ “ c lTfgY 

FIGURE  3£L.  Element  Model 
The  results  for  the  un-reinforced  strap  are: 

(Computer  Calculated) 

Ar  “ 1.352  in.  (maximum  deflection) 

M'  **  7.463  inlb  (moment  at  end) 

M"  =■  2.139  inlb  (moment  at  center) 

(Hand  Calculated) 

Ar  = 2.06  in . 

M'  3 5.236  inib 

M”  = 12.24 (10) ~ 3 inlb 

Comparing  the  above  values,  notico  that  the  computer-calcu- 
lated deflections  are  smaller,  while  the  bending  moments  are 
larger  than  those  calculated  by  hand.  This  may  be  due  to 
model  imperfection  or  to  the  inaccuracy  inherent  in  the 
resolution  of  pressure  prescribed  by: 


w = 


_iL  ♦ i 

FraY 
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When  the  doubler  is  placed,  as  previously  described,  one 
obtains : 

Ar  = 1.352  in. 

M’  -•  10.164  inlb 

M"  •>  2.141  inlb 

The  increase  of  the  end  moment  is  36$,  resulting  from  the 
estimate  compared  to  the  moment  without  the  doubler. 

It  must  be  mentioned  here  that  some  of  the  conclusions 
presented  here  from  the  computer  work  bear  a degree  of 
uncertainty.  This  is  not  an  accident,  but  a result  of 
unusual  slenderness  of  elements,  which  creates  some  numerical 
difficulties.  The  iteration  process  converges  very  slowly 
and  a number  of  tests  are  needed  to  obtain  a reasonable 
solution . 

The  next  logical  step  would  be  to  generate  a more  sophisti- 
cated model,  which  should  have: 

a.  more  elements 

b.  two,  rather  than  one  contact  point  of  longeron 
and  skin 
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3 . 3. 1 . DETERMINATION  01-'  TUP,  SIZF,  OF  LONGERONS.  Th  e 

most  critical  loading  of  longerons  aris.es’  in  a section  of  the 
hull  with  loss  of  lifting  gas  and  air  pressure.  Erection 
loads  in  dock  are  lower  than  flight  loads  without  pressure, 
analyzed  in  1.8  and  7.1. 

Maximum  speed  with  a deflated  cell  is  approximately  E2  knots, 
(Reference,  Section  1.8).  The  conditions  of  loading  are  given 
below,  repeated  for  convenience  from  section  7.1.  The  gust 
moment  is  more  severe  than  the  aerodynamic  moment  and  the  gas 
head  moment  is  zero.  It  is  desired  to  find  the  area  of  sec- 
tion of  a longeron  to  resist  the  gust  moment  Mjn,  as  follows: 

2 /% 

Mm  H (-1)  00(c)  (V)  (L) 

Y » .076475  lb/ft3 

i 

2g  =>  64. 348  ft/sec^ 
u - 52  knots  = 87.828  ft/s 
c - 35  ft/s,  gust  velocity 

V « volume  of  hull,  20  CIO) 6 ft3  for  MC-200 
L = 917.949  ft,  for  MC-200 

Mm  “ (•  1)  4tT3tI^7-828  ) (35)  (73680.6)  (917.949) 

Mm  « 24.7091(10)^  ftlb 
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-external 

longerons 


.rT'^C 


■hull  shell 


FIGURE  31  Hull  Cross-section 

Moment  Of  Inertia  Of  All  Longerons  Around  The  Hull, 
h ■=»  R-p  sina  where  R-j.  n ,101.9945  ft  max.  CMC-200) 

I (each  longeron)  « A(h2) 

“hull  - 4A^h2 


Mm  rT  (24.69167)  (10)6(102)_ 


AEh2 

oL  - •-2|—  - 16,425  lb/in2 


=16,336  lb/i 


Note:  l = Stress  in  compression  on  longerons. 

It  is  expected  that  the  allowable  load  in 
compression  will  equal  the  max.  allowable 
tensile  stress  in  the  skin  (see  Section  7, 
page  167  ) . 


7.5 

13. 313 

177.  234 

82.5  101.122 

10,225.644 

15.0 

26.400 

696.860 

90.0  101.995 

10,402.878 

22.5 

39.032 

1,523. 463 

30.0 

51.000 

2 ,600. 720 

Eh  one  quadrant 

» 67,618.678 

37.5 

62.090 

3,855.202 

ft2 

45.0 

72.121 

5,201.442 

52.5 

80.918 

6,547.665 

60.0 

88.  330 

7,802.151 

For  full  circle! 

67.5 

94.231 

8,879,401 

75.0 

98.519 

9,706.021 

Eh2  ».  (4) (67,618.678)  - 

270,474.71  ft2 


MC- 200 
Now,  using 


Mm  Rt 


A Hi2 


16,425  lb/in‘ 


Mm  R 


” Ehzo (144) 
A « 0.567 


ft2  „ C24.JP91)  fl0)6(101.9945)_  ,2 

ft  ( 2 70474. 7l)  (16ffSni4T)  .00  39/  it 


m 


2 * 0.57  in2  (MC- 200) 


Wi'th  the  neutral  axis  at  half  the  longeron  height,  the  area 
of  the  apex  cornice  equals  0.290  in^  and  the  area  of  each  base 
equals  1/4  of  the  total  area  which  equals  0.150  in2,  (approx) 
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For  MC-100  t. 

/0.076475\  /( 5 2 ) ( 6 0 7 6 . 1 06  2 j\  f. 6 V 

Mm  *=  co.  i)  [TtTwr)  ^(35)  (io(io)  j 

x (728.576) 

- (0. 1)  (1.1884596) (10) '3(35) (46415. 8)  (728.5  76) 

x (87.766) 

- 12.3458(10)6ftlb 

Mjes  ■=  Design  moment  with  maximum  gas  cell  deflated. 
M - 12.3458  (10)6  ftlb 

h - Rt  sin  ct  where  RT  » » 80.95  3 ft 

I (each  longeron)  « A(h2) 

Zlhull  “ 4A£h2  (one  quadrant) 

« ’ n™  Rt  _ (12.3458)  (80.953)  _ , , „„„  ,u/j-2 
a „ - 16,293  lb/in 

o 32850  _ •.  v / • _ 2 


aL  « AitpiL  = 16,425  lb/in2 
TABLE  18  Longeron  sizes  - MC-100 


7.5 

10.5665 

111.650 

15.0 

20.952 

438.994 

22.5 

30.979 

957.719 

30.0 

40.477 

1,638.347 

37.5 

49.281 

2,428.620 

4 5.0 

57.242 

3,276.696 

52.5 

64.224 

4,124.761 

82.5  80.260 

90.0  80.953 


6,441.739 

6,553.388 


2 

Eh  , (one  quadrant)* 


42,597.006  ft2 


1.  J-Ji  Ainu  wai  Jj 


jTURBOMACHINES, 


TABLE  18  Continued- 


60.0  70.107  4,915.036  For  full  circle; 

67. S 74.971  5,593.660  Eh2  - 4(£h2)  *=  170  , 388.02  ft2 

75.0  78.195  6,114.396 


C£t4) 


(ft2) 


MC-100 
Now  using: 

a « " 16»42  5 1^/ in2 

Mm  Rt  ? 

A a — t....  ft^ 

Eh2c  (144) 

(12. 34 58 j (10)^(80.953) 

“(170388.02) (15425) (144) 

- 2.4780  CIO)"3  ft2 

- .3568  in2 
* .360  in2 

With  neutral  axis  at  one-half  the  height  of  the  longeron, 


Area  of  apex  cornice 


Area  of  each  base  cornice  = .090  in 


- .180  in2! 

> MC-100 

s-  non  4 n 2 J 
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Euler's  equation  for  long  columns: 

Jcr  . o . "2ei 
r~  aTF 


A «=  Area  of  column 
A = Slenderness  ratio 
p » Radius  of  gyration 
I " Moment  of  inertia  of  the  section 
For  a column  of  elastic  foundation: 

Ncr  - 2 (kEI ) /a 

k s 13.5  lb/in 

rr « NCr 


CTcomprcr  " 

* 2 limit  - -2.Tr..a.E  , 

Oy 

*limit  “ ^8*5  : (slenderness) 

Below  this  value  of  A:  Johnson's  parabola: 

°cr  a ^ - 4E^“^°yp 
ay  = V. P.  compression  = 61,000  lb/in2 

Allowable:  Y'  a 30,500  lb/in2 
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Deflection  of  longeron  as  a beam>MC-200: 
„ „ (2. 64354 jw  x l4 


max 


Where  w 


TS^E 

. (2.  643-54)  (0.39254198)1(36.2)  (12)1  4 
( 3 8 4 ) ( 1 0 • 4) ( 1 0 ) WflF 7 6 21 ) 

“ .5565  in. 

load,  pounds  per  linear  inch: 


l “ distance  between  frames  and  first  secondary 
frame  (i.n  inches) 


I “ moment  of  inertia  of  individual  longeron 
- p2A  - (0.  57)'(5 . 4)  2 -16.621  in4 
E a modulus  of  elasticity  of  7050-T76 
aluminum  alloy  « 10. 4 (10) 6 lb/in2 
Slenderness  ratio  - 

X-  1 » Ii^.v2)  p-?I  - 80.44 
p 5.4 

Therefore  by  Euler's  equation: 

tr2E  _ tt2  (10. 4)  CIO) 6 ? 

0 B -JZ (W:T4)Z  “ 15,863  lb/m2 

For  MC-100,  similar  to  above  for  MC-200. 

Cross “sectional  area  of  skin  at  central  main  frame: 


2 TT 


2. 


VW  TT crt  - rT!  J + -(V  - **t2' ) in' 


A s»  (971. 436)  2 - (971. 416)  2 + J (971 . 4 36) 2 - (9 71  . 41  8) 2 


81. 38819  + 36.620496 


A - 118.00868  in 

O 


2 
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Ratio  of  longeron  area  to  skin  area: 


- 0.12813 

Now,  interpolating  between  the  MC-100  and  MC-200,  we  get 
the  following  longeron  area  to  skin  area  ratios: 

MC- 125  - 0.13418 

MC-1  1 » 0.14024 

MC- 175  “ 0.14629 
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Deflection  of  longeron  a y»  MO  100; 

(2.64354)wl4 
/max  a 3 8 4 bl 


whore  : w » 


load  in  pounds  per  linear  inch 


l = distance  between  main  frame  and  first  inter- 
mediate frame  - inches, 


I ~ moment  of  inertia  individual  longeron 

- pJ  A = (4. 29)  2 (.360)  » 6.6286  in4 

E <=  mean  modulus  of  elasticity,  aluminum  alloy 

- 10.4(10)^ 

(2.64354) (0. 32991621 (346. 356) 4 
Ymax  “ (384) (10.4) (10) 6 "(6 . 6286) 


“ .4741  in. 

Slenderness  ratio 


1 _ 346. 3S6 
p 4~74 


78. 717272 


By  Euler's  equation: 


o 


TT*  E 
~r~ 


ira  (10.4)  (10) 

"(78.7172  72^ 


16,565.059  lb/in2 


Parametric  determination  of  section  properties  of  longerons 
from  the  sectional  areas  of  longerons  for  MC-100  end  MC-200, 
can  be  determined  for  properties  of  longerons  of  intermediate 
hulls . 

The  moment  of  inertia  of  longeron  is  approximately  expressed 
by  . 

" (2)f  P2  > in<* 

where  A « the  area  computed  for  longeron  section  on 
preceding  pages 

p a radius  of  gyration  p~  (.  810) (h^)/2 


The  heights  of  the  longerons  for  MC-100  and  MC-200  are 
tabulated  in  Tables  17  and  is  . 
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It  is  assumed  that  the  following  relation  holds: 


*200  Mm200  R200 


100 


M 


K 


mlOO 


m2  00 


R1 00 
"R2  00.. 


*200 


I100 

hoo 


'12.3458' 
_24. 709 1_ 

6.5914  in4 


(.7936997) (16.621) 


Then,  for  example: 


100 


A100 . ’ p2  A100  <-«>h100 


l100 


6.5914 


Aioo  " rCTWIHTT^TT2  “ TT^riTOTrr2 


6.5914 

18.39123 


A100  « .3584  in2 

Section  properties  of  longerons  on  all  hulls  are  tabulated 
in  Table  19 


TABLP,  19  Longeron  Section  Properties 


Hull 

Ri/R200 

Mmi(ftib) 

Mmi/Mm2  00 

^(in4) 

(in2) 

100 

. 79  37 

12.345 

.4997 

6.5914 

. 357 

12  5 

. 855 

15.444 

.625 

8.9355 

.4146 

150 

.908 

18.4976 

.749 

11.2595 

.46724 

175 

.956 

21.589 

.874 

13.8326 

.51796 

200 

1.00 

24.7091 

1.000 

16 .621 

.570 
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The  gus  I moments  at  52  knots  (for  major  cell  deflated)  are 
computed  from  sea  levels  values. 


M 


m 


(.10)  ucV/3L 


M 


m 100 


, (previously  computed  on  page  152)  -12.3458(10)  ftlb 


Mm 12  5 a ( • 36531)  ^12.5(10) ^ ^^784. 835) 

Mml2  5 
MmlS0 

Mm150  » 18.4976  (l0)6ftlb 


15.444(10)°,  ftlb 
(.36531)  (l5(10)6^)  / C 834 . 01875) 


in  1 7 5 


(.36531)  (l7.5(10)6^  / (8 77. 987) 


ml  7 5 


21.589  (10) °f tlb 


All  study  hulls  are  s 
erons  to  support  gust 
with  the  largest  cell 
examined  and  all  hull 
stand  up  to  the  lesse 
gas  and  air  pressure, 
jury  structure  will  b 
frames  at  their  exact 
tion  of  longerons  and 
spacers  will  be  succe 
gresses  and  serve  as 


trong  enough  in  their  respective  long- 
bending  moments  at  52  knots  speed 
deflated.  This  is  the  severe  condition 
s should  have  strength  and  rigidity  to 
r stresses  during  construction  without 
During  construction,  light,  removable 
e needed  and  used  to  locate  the  main 
stations  prior  and  during  the  installa- 
skin.  During  construction,  the  jury 
ssively  removed,  as  the  assembly  pro- 
incidental structures. 
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6.  BULKHEAD  DIAPHRAGMS 

6 . i DIAPHRAGMS  Bl-TWlil-N  THE  CELLS.  The  inflation  ^as 
is  con  tain  eel"  by  the  Metalclaci  shell  above  the  equator  an,d 
by  transverse  fabric  bulkheads  in  the  plane  of  main  franics , 
backed  up  by  a restraining  network  and  semi-cylindrical 
fabric  bottoms  of  the  cells.  All  fabric  parts  of  cells  are 
called  membranes. 

The  diaphragms  acting  as  fabric  bulkheads  in  the  plane  of 
main  frames,  separate  adjacent  cells.  The  bulkhead  is  only 
in  the  upper  half  of  the  circular  arc  of  inner  radius  of  a 
main  frame . 

In  this  area  , the  network  ( shown  in  appendix  M- 5 for  the 
MC-200  hull)is  integral  with  the  fabric ; one  spiral  network 
system  (i.e.  LH)  can  be  on  one  side  of  the  diaphragm,  the 
other  (RH)  side  of  the  spiral  network  system  can  be  on  the 
other  side  of  the  fabric,  the  network  being  attached  to 
the  fabric  by  adhesives.  At  equidistantly  spaced  peripheral 
gathering  knots,  the  diaphragm  is  attached  to  swivelling 
anchor  joints  on  the  main  frames,  as  shown  in  the  referenced 
appendix.  Below  the  equatorial  plane,  the  network  is  in- 
dependent of  the  fabric;  the  LH  spiral  system  is  attached 
to  the  RH  spiral  system  directly,  at  all  crossing  joints. 

Below  the  oquatorial  plane,  the  diaphragm  is  double,  each 
half  free  to  float  on  air  below  it  in  the  lower  part  of  the 
hull. 

The  semi-disc  upper  half  of  the  diaphragm  is  joined  by  a 
sealing  slice  to  the  apex  cornice  of  the  main  frame  by  means 
of  a radially  accordioned,  narrow  peripheral  curtain,  which 
seals  off  the  gas  between  adjacent  cells.  The  main  frame 
corrugated  sides  are  sealed  off  by  thin  flat  sheet,  spot 
welded  to  corrugations.  The  inner  perimetral  corridor  within 
each  main  frame  is  gas  tight  and  contains  air  under  hull 
pressure.  The  shear  sides  of  the  frames  are  well  capable  of 
supporting  the  gas  head,  as  they  are  parts  of  frustum  cone 
envelopes.  The  floating  cylindrical  membranes,  comprising, 
the  lower  walls  of  each  cell,  are . removable  and  fastened  to 
the  shell  of  the  hull  above  oquatorial  plane  by  a sealed, 
bolted  joint  which  is  longitudinally  continuous  between 
frames  and  permits  the  fabric  to  be  loaded  in  tension  and 
shear  only,  with  no  possibility  of  re-entry  angles  appearing 
anywhere.  This  joint  is  shown  on  the  hull  layout  in  Appendix 
M -5  ; it  can  be  seen  that  in  deflated  state,  the  diaphragm 

lies  tightly  against  the  skin,  with  no  potential  air  entrap- 
ment. When  inflated,  the  fabric  wraps  on  a curved  channel 
without  changing  the  mode  of  loading  and  within  a short  dis- 
tance again  lies  on  the  inner  wall  or  the  hull  skin  when 
upon  full  inflation.  The  joint  allows  for  replacement  of  the 
membrane  without  damage  to  the  hull  structure. 
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The  radial  network  system  will  be  clastic  enough  to  support 
surging  gas  loads,  and  it  is  expected  to  be  sufficiently 
self-damping  to  supress  oscillations.  Should  further 
analysis  reveal  inadequate  elasticity,  provision  is  made  for 
hydraulic  shock  absorbers  to  be  placed . between  the  horns  to 
which  the  diaphragm  is  attached  and  special  rockers  on  which 
the  joint  rides,  (also  shown  on  layout  of  hull  of  MC-200). 
Damped  anchorages  are  then  required  only  on  the  top  half  of 
the  inner  network  system.  At  three  main  frames  noted  on  the 
hull  layouts,  the  network  diaphragm  completely  occupies  the 
circular  area  of  tho  inner  diameter  of  main  frames.  This 
reduces  surgiiig  motions  of  the  air  in  the  hull  as  well  as 
that  of  the  lifting  gas.  Whether  these  frames  should  have 
sealed  corrugated  sides  along  the  lower  half  of  the  frame 
structure;  requires  further  analysis,  beyond  the  constraints 
of  this  report. 

The  diaphragm  structure  for  containing  lifting  gas  in  sep- 
arate cells  and  restraining  the  movement  of  air  masses,  is 
the  simplest  solution  for  Metalclad  hulls.  It  requires  the 
least  amount  of  fabric,  permitting  complete  deflation  of 
cells  via  suction,  and  also  complete  volumetric  expansion 
with  gas  at  altitude  or  for  test  purposes  in  the  dock. It  will 
assure  inflation  with  minimal  dillution  of  the  lifting  gas 
during  inflation  an  important  condition  for  economical  opera- 
tion of  airships  never  fully  attained  in  the  past.  It  also 
permits  removal  and  replacement  of  any  cell  without  disturbing 
adjacent  cells. 

With  a projected  10,000  ft.  ceiling,  the  cells  would  be  in- 
flated to  (. 04828/ . 06535* . 7388)  of  the  maximum  theoretical 
gas  volume  at  sea  level  except,  the  cells  in  the  bow  and  stern 
air  sub-volume.  These  gas  colls  would  be  inflated  to  ap- 
proximately 50%  fullness  at  sea  level,  allowing  excess  air 
volume  at  altitude  for  trimming  purposes.  The  air  space 
below  the  cells  in  the  bow  and  stern  serve  as  ballonets . 

The  degree  of  this  inflation  will  be  analyzed  separately.  In 
relation  to  the  use  of  thrustors,  it  appears  possible  that 
the  gas  inflation  can  be  allowed  to  a higher  volumetric  ratio 
in  the  bow  and  stern  than  in  those  vehicles  without  thrusters. 

Removable  bolt-on  and  air-sealed  gore  panels  between  the 
longerons  and  two  secondary  frames  will  be  provided  on  the 
bottom  of  the  hull  in  each  cell  section  for  access  into  the 
hull  and  exchange  or  insertion  of  cell  diaphragms  and 
membranes  in  the  dock. 

In  this  report  all  cell  diaphragms  are  projected  to  be  made  of 
II, Cl  A 10S004  fabric  as  described  in  Figure  34.  Weight  calcu- 
lations, Section  10. 5,  arc  also  based  on  thi s fabric. 
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FIGURE  33  Gas  Cell  And  Ballonet  Arrangement  For  MC-200  (Typ.  All  Hulls) 
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Fabric:  ILCI  A 10S004 
Mfr.  : Reeves  Bros. 


Structure  and  Composition 


•Helium  side 


giiii 


.5  oz  clear  polyether  type 

polyurethane 


- 1.4  oz  SS  dacron  bias  100xl00x40D 

-2.6  oz  Butyl  rubber 

-1.4  oz  SS  dacron  sq  100x100x400 

- .3  oz  clear  polyether  type 

polyurethane 


Gross  Properties:  (objective) 
Strip  Tensile,  lb/in 
hoop 
long 
shear 

weight  : oz/yd2 
permeability  : l/njda 


Stress  limits (nominal) 
90  (n) 

90  (n) 


FIGURE  34  Diaphragm  Fabric 
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7 HULL  SHELL  SKIN  THICKNESS 


7.1  SKIN  THICKNESS  VARIATION,  PANEL  SIZE  PARAMETERS 
AND  THICKNESS  ill STR1  ITDtTqN  OVER  THE  HULL.  There  is  only 
one  singular  process  to  establish  the  thickness  of  skin  of 
a Metalclad  hull  and  that  is  to  determine  the  skin  thick- 
ness at  the  maximum  diameter,  loading  the  skin  to  the  max- 
imum allowable  stress  in  transverse  (hoop)  tension,  In 
the  longitudinal  direction,  the  stress  due  to  internal 
pressure  is  approximately  less  than  1/2  of  the  transverse 
stress  (in  a cylinder  exactly  1/2).  Therefore,  the  hoop 
stress  is  a primary  figure  and  the  thickness  required  for 
it  is  basic.  The  transverse  (or  hoop)  skin  stress  is  de- 
fined by 

2 

n 2kRT+  p Rq-  ib/in^  at  the  ton  of  the  hull 
1 lT  (1) 

The  skin  thickness  in  the  transverse  direction  is  the  same 
as  in  the  longitudinal  direction,  t-y  = ty, 

Equation (l)has  two  unknowns  and  t-y  has  to  be  expressed,  in 
addition,  by  some  other  relation. 

Such  a relation  exists  in  the  form  parameter  for  critical 
shear  stress  which  is 


This  parameter  is  known  experimentally  from  the  ZMC-2  hull 
experience 


SZMC-2- 


. 009  5 
82773 


1 1 . 0095' 
If  316 


= .62878(10) 


Its  merit  is  that  nowhere  on  the  ZMC-2  hull  was  there  found 
a permanent  set  caused  by  elastic  buckling  when  the  hull  was 
without  internal  pressure.  Furthermore,  the  skin  of  the 
ZMC-2  was  oversize  and  it  is  probable  that  the  parameter  £ 
can  be  actually  smaller.  In  the  absence  of  knowledge  in 
this  respect,  the  above  value  is  used  in  the  determination 
of  maximum  skin  thickness  on  all  hulls.  The  manipulation 
of  Eq,  (1)  and  (2)  is  influenced  by  the  spacing  of  the  long- 
erons, therefore,  by  their  number,  in  Metalclad  hulls 
another  important  parameter  is  k,  the  ratio  of  the  total 
area  of  longerons  and  of  the  transverse  skin  area.  If  this 
ratio  is  low,  the  longerons  will  be  few  and  probably  inade- 
quate for  support  of  the  hull  in  flight  with  a deflated 
cell  and  perhaps  even  to  support  the  skin  during  erection 
of  the  hull;  the  skin  will  have  to  be  too  thick  and  heavy 


ij 

"J 
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and  the  overall  hull  design  far  off  the  optimum  strength- 
weight  ratio.  The  optimum  valuo  of  k is  at  this  time  still 
an  elusive  number,  depending  upon  the  form  of  the  longerons, 
spacing  of  frames,  etc. 

In  Mctalclad  hulls,  k is  a very  small  ratio,  in  ZMC-2  its 
value  was  k « .0124.  This  is  no  guidance  for  larger  hulls; 
analytical  studies  indicate  that  the  value  of  < should  be, 
approximately  k = .10  for  large  hulls,  with  a highly  refined 
design  of  longeron  section  and  two  secondary  frames  between 
main  frames.  This  is  a region  for  further  analytical  re- 
search before  constructing  large  hulls.  In  the  analysis  of 
this  report  k “ .16,  which  is  considered  conservative.  In 
the  initial  period  of  preparation  of  this  report,  it  appeared 
attractive  to  use  as  few  longerons  as  practicable  and  the 
number  decided  upon  was  z - 24.  This  led  to  heavy  skin  and 
very  low  k and  it  was  understood  quickly  that  this  was  not 
the  right  direction  to  follow  in  the  design.  The  number  was 
increased  by  repeated  analysis,  to  z = 48  for  MC-200  and 
z = 42  for  MC-10Q.  Although  the  cost  of  construction  in- 
creased due  to  a higher  number  of  longerons,  the  skin  weight 
was  reduced  dramatically  and  also  very  importantly,  the 
longerons  were  unloaded  from  weight  during  erection  (mostly 
due  to  skin)  , as  well  as  the  improvement  of  bending  strength 
of  the  hull  with  a deflated  cell  and  loss  of  supercharge 
pressure . 

For  MC-200 


b5  R-p  - 101.9945  ft  * 1223.934  in- 
L = 917.949  ft  = 11015.388  in. 


b=  minor  axis 
a-  . L ( . 6 4 ) 


R 


L 


C12)  - 40,607. 


008  in. 


With  48  longerons,  the  maximum  peripheral  distance (b)  between 
longerons 

b-  — = — = 160.21  26  in.  centerline  to  centerline 

of  longeron,  a conservative  assumption  in  view  of  thicker- 
than-ski.n  base  of  all  Metalclad  structures. 


(.6287825)  (10) 


-6 


“ 160.2126 
•t  - 6 

t-5  = (.  3953674)  ( 31. 416032)  (10) 
t3  = (12.430874) (10) ‘ 6 


rr 

1 223. 


934 


t = 2.215885(10) 


-2 


.0233  in. 
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The  standard  sheet  gage  near  this  number  is  t = .024  in. 
maximum  skin  thickness  at  maximum  hull  diameter. 


With  factor  of  safety  of  2.0  with  respect  to  the  ultimate 
tensile  stress  in  tension: 

adesign  = 36,500  lb/in^ 

adesignyp^=  32,000  lb/in^ 

LdesignypT=  22,000  lb/in2 

The  skin  splicing  seams  (Refer  to  Section  8 ) will  be  bonded 
and  riveted.  Due  to  this  combination,  all  seam  joints  will 
have  at  least  1001  efficiency,  but  for  the  purpose  of  an- 
alysis, the  maximum  allowable  design  stress  of  any  seam  joint 
is  reduced  by  a factor  of  (.90),  skin  = (.9) (36,500)  = 

32,850  lb/in  , Therefore,  maximum  allowable  tensile  stress 
in  the  skin 


adesg  " (.90) (36500)  = 32,850  lb/in ^ and  in  shear, 

Tdes  = («90) (22000)  » 19,800  lb/in2 

s 

Then,  at  maximum  diameter  of  MC-200,  on  top  of  the  hull,  the 
transverse  design  stress  is 

adesT  = 32,850  lb/in2 


and  the  longitudinal  radius  of  curvature  aft  of  the  maximum 
diameter  station  is 

2 ? 
a (587487) 

Ls  • fif  ' loTTws  " V83'9174  « " 4(^607,00 S in: 
Hoop  stress  on  top  of  the  hull 


2kR'p  + p 
- 


and 


the  hull  air  pressure  is 


P - to 

d c s /]’ 


/ 2RLS  + 
\ 2RTRLS 


2kRT 
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(2) (40607.008)  + 1223.934 
( . 0 2 4 ) ( 3 2 85  0 ) )(122  3 . 9 3~47T40  6 07“  00  8) 

(2)  (1223.934  ) 

.65381  - .092574  = .561247  lb/in2 

e. 56125  lb/.in2 


Hull  air  pressure:  p = (12) (2 . 307) (. 56124 7)  ■ 15.537  in.  of 
water.  This  is  a reasonable  value  and  with  modern  pressure 
control  means,  there  should  be  no  difficulty  in  controlling 
it  within  narrow  limits. 


Before  maximum  stresses  in  the  hull  can  be  determined,  the 
acting  maximum  moments  must  be  computed.  These  moments  are 
at  full  speed,  with  hull  inflated: 

stj 

1.  Aerodynamic  moment,  Mae  = ( . 02) (y/2g) uzV'  L ftlb 


2. 


3. 


Gas  head  moment, 
Gust  moment  M„.  » 


Mp  = C*20)TikR.r  ftlb 
(.1) (y/2g)ucV'» L ftlb 


The  gas  head  moment  can  be  partially  compensated  for  by 
distribution  of  fixed  weight  loads  at  the  bottom  of  the'  hull 
and  in  main  frames,  and  only  ( . 80)  Mg  is  taken  as  effective. 
Mae  and  Mm  can  be  either  hogging  or ’sagging  moments.  Mg  is 
a hogging  moment. 

Aerodynamic  moment  is  determined  first  (refer  to  aerodynamic 
moment,  Section  2)  at  sea  level,  a conservative  assumption; 

Mae  - (.02)qV*L  q*  fu* 

Mae  - (.02)  0-^4{|^(  168.9)  2 (20  (10)^)  /3(918)  at  100  knots 

Mae  = 45. 863782 (10) 6 ftlb 
Gas  head  moment 

Mg  = ( . 2 0 ) it  k Ry 

Mg  = (.20) (3. 14159) (101. 9945)^  ( .06535) 

Mg  = 4. 443C57(10)6  ftlb 
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Gust  moment,  c K 35  ft/s 

>3 


M, 


lm 


(.10)  Ig-ucV  L 


2 

Mm  “ (.10)  (168.9)  (35.0)  (20(10)^)/3(gi8) 

Mm  = 47 . 5202  (10)  6 ftlb 

Mm  and  Mg  arc  used  in  Woodward's  envelope,  Fig,  6 page  64  . 
There fore , Mm  = 47.5202  (10)0  ftlb  becomes  the  design  moment 
for  the  MC-200  hull. 

The  hull  pressure  and  the  gas  head  pressure  determine  the 
maximum  longitudinal  skin  stress  at  the  top  of  the  hull. 


2kRT 


al 


ST 


LST 


R'pRLg 

W?*rl 


■ 092574  . 56125  (1223.934)  (40607.  008) 


.024 


2(40607.008)  + 1223.934 


a,  “ (27.24267) (602.8813) 
ljST 

aLsT  E 16,424  lb/in2 

at  the  bottom  of  the  hull,  the  maximum  transverse  stress 

p A2Rtrls 

°'rSB  " t 1^2 RLs  ♦ RT/ 

°TS  ■ Hw  0205.778) 

oT  = 28,198  lb/in2 
SB 

Skin  thickness  of  .024  on  top  can  be  reduced  to  a lower 
value;  to  be  practical,  the  skin  thickness  on  bottom  was 


reduced  to  t 


B 


.022  in . 


aTo  c ~^60tF  (1205.778)  = 30,761  lb/in2 


lsB 
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The  skin  thickness  of  .020  in.  is  too  thin  and  .022  in.  has 
to  be  used.  A non-standard  skin  gage  would  save  weight. 

Skin  thicknesses  are  reduced  on  the  bottom  of  the  MC-200 
hull  in  tiie  ratio  of  .C22/.024  = .9167.  This  reduction 
applies  to  the  lower  120°  section  of  the  hull  , therefore 
120°  of  the  hull,  600  on  each  side  from  the  lowest  station 
is  .022  in.  thick  and  the  remaining  240°  of  hull  is  .024  in. 
Longitudinal  stress  in  the  skin  on  top  of  the  hull,  at  max- 
imum diameter  section  is: 

P /rTrLS 


kST 

’tT\2RLg  + Ihp 

lst 

. 56125 
“7F2T“ 

f (1223 

.56125 

(602.8 

lST  = 

. 02l" 

* 

14,097 

lb/in2 

Longitudinal  stress  in  the  skin  on  the  bottom  of  the  hull, 
at  maximum  diameter 

_ P ( RT  rL  S _ \ 

lSB  “ tB\2RLS  + T'r/ 

oLsb  b "ToTT'  (602.88)  • 15,380  lb/ in2 

Maximum  longitudinal  stress  on  top  of  the  hull,  at  maximum 
speed  immediately  aft  of  the  maximum  diameter  section,  with 
an  upward  gust 


JSTM 


JST 


Mm  - Mg 

IT  t.,pR,|, 

(47.5202  - 4, 444365  7)  (10)6(12) 


0 L e T 16424  ‘ (3_.  141 59)  ( . 02 4 ) ( 1 2 2 3 .' 9 3 4 )T 

o 

a,  = 16424  - 4577  - 11,847  lb/in2 
LSTH 

Maximum  longitudinal  stress  on  top  of  the  hull,  at  maximum 
speed,  immediately  aft  of  the  maximum  diameter  station,  wi'th 
a downward  gust  : 
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!ln+  \ 

°I*ST  + ntJVT" 


a,  . 16424  ♦ (§1^963767100^^ 
lSTm  16424  (I • 129475)  (10) 5 

a,  - 16424  + 5521  c 21,945  lb/in2 
STM 

Maximum  longitudinal  stress  on  the  bottom  of  the  hull,  at 
maximum  speed,  immediately  aft  of  the  maximum  diameter 
station,  with  an  upward  gust 

Mm  * Mg  ' 

°LSBM  " °LSB  + fftBR* 

(47 . 5202  - 4.443657)  ( 1 0 ) 6 C 1 2 ) 

°lSBm  ‘ 15i8°  +(3. 14159) (.022) (1223.934)2 


(43.076 
15380  + “ 


(1.0353524) (10) 5 


15380  + 4993  - 20,373  lb/in4 


Maximum  longitudinal  stress  on  the  bottom  of  the  hull  at 
maximum  speed,  immediately  aft  of  the  maximum  diameter 
station,  with  a downward  gust 

M + M 

nm  ng 

a B o 

LSBm  Lsb  irt-BRT 


o T = 15380 
LSBM 


(51.963767)  (10) 0 C 12 ! 
(1.0353524)  (10)’ 5" 


* 15380  - 6023  = 9,357  lb/in2 
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MC-100 

Similar  analysis  is  now  carried  out  for  MC-100. 

Rt  • 80.935  ft  = 971.436  in  . 

2 

as  (466.280)2 

RLS  s r7  = ~8079T3”"  " 2,685.823  ft 

= 32,230  in, 

u = 100  knots 
« . 020  in. 

With  42  longerons,  the  maximum  peripheral  distance  between 
longerons 


h B p _ „ li  J. 

b T Z 


£ = (.6287825)  (1.0) 


145.32  in. 


% y i 

145.32  1971.436 


(.3953674)  (10)  ~ ^2. 11 179)  (10)4  (971.  436)  = t3  - £2b2RT 
(.811083989)  (10 ) " 6 « t3 
2 . 009  (10)  ” 2 *=  t 
t = .0  20  in. 

Transverse  stress  (hoop  tension)  immediately  aft  of  the 
maximum  diameter  station,  on  top  of  the  hull 


cr.|.  32  85  0 => 


2kRT  + p /2RTRLS 


rRi.s  ) 

[ 2Rl,S  + rT' 


from  this  is  computed  the  air  pressure  in  the  hull 
p = .6876088  - .0734761 

maximum  hull  pressure  = p =.6141327  lb /in 2 
p « ,6143  lb/in2 

P = (.6143)  (12)  (2.307)  = 17.00  in.  of  water  col/ 
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Transverse  stress  in  the  skin  at  the  bottom  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station 

P /i*TRLS  ) 

<ItSH  a t \ 2RLS~:p  Rr/ 

„ _ .6143  ( (21  (971.4361  (32230)\ 

Tsb  " .018  \ 2(32230)  + 971.4T6j 

aT  = (34. 1278) (957.01 345) 

oT  « 32,661  lb/in2 
SB 

Transverse  stress  in  the  skin  at  the  top  of  the  hull,  immed- 
iately aft  of  the  maximum  diameter  station 

2kR<j*  + P ^2RtRls  ^ 

°tST  a 1 ^ rl  s + rT  J 

.0734761  + .6143  

°Tst  “ “ .1)20  (957.01345) 

CTgT  - (34. 38881) (957.01345) 
oTgT  ■ 32,911  lb/in2 

Longitudinal  stress  in  the  skin  on  top  of  the  hull,  immediately 
aft  of  the  maximum  diameter  station 

2kRrr  + p /RtRi  c \ 

°lst  t \2F d~T~^) 

°LST  (4  27.7425  7) 

a,  » 16,429  lb/in2 


Longitudinal  stress  in  the  skin  on  the  bottom  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station 

P ( rTrLS  \ 

%R  = * \2RLS  + RT/ 


4dtI  (477.7425  7) 
16,304  lb/in2 


issr  ■fi''  .->■ 
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Maximum  aerodynamic  moment,  at  sea  level  on  MC-100 


M 17  (.02)  (y/2g)u2  v/jl  ftlb 
"ae 

/To  7 6 4 7 , r 7\  ^ 3 

Mae  = (•  02)tV4T3TSy  U°8-9)“  ho(10)6J  (728.576) 

Mae  = 22.9306(10)6  ftlb 

Maximum  gas  head  moment,  at  sea  level 

Mg  = ( . 2 0 ) ir k 

M = (. 20) (3. 14159) (. 06535)  (80. 953) 4 

o 

Mg  = 1. 76342(10)°  ftlb 

Maximum  gust  moment,  at  sea  level,  with  35  ft/s  gust  and 
maximum  speed 

Mm  =C.10)JgucV/jI, 

/To  764  75\  f t'?/3 

'Mm  “(.10)  heTTSTf)  (168.9)  (35 . 0) (10(10) 6 j (728.576) 

Mm  - 23. 7588(10)°  ftlb 


Maximum  longitudinal  stress  in  the  skin  on  top  of  the  hull, 
at  maximum  speed,  immediately  aft  of  the  maximum  diameter 
station,  with  upward  gust 


lstm  lst 

»tTRT 

lstm  = 16429 

(23.  7588  - 1.76342) (10)6  (12) 

(3.14X59)  (.  020TC97f  .436)  2 

lstm  " 16429' 

(21.99538) (10)°(1 2) 

59293. 6096 

. * 16429  - 

lstm 

4451  - 11,978  lb/ in 2 
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Maximum  longitudinal  stress  in  the  shin  on  top  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station  with  down- 
ward gust  (0  max  speed): 


Mn  + Mg 


lSTm  e °lST  + TrtI,V2 


L< 


lM 

„ + (2S.S222  ) (10)6(121 

jC,r  " ie^J  59293.6096 

s rM 

oi  = 16429  + 5165  - 21,594  lb/in' 
stM 


Maximum  longitudinal  stress  in  the  skin  on  the  bottom  of 
the  hull,  immediately  aft  of  the  maximum  diameter  station  with 
upward  gust  (@  max  speed)  : 


M 


m 


aT 

lsbm 

aLSBM 


(21.99538) Cl 0) 6 (12) 

16  304  + "(3.14159)  (.01  8)  (971.  436)2 


16304  + 


263.94456(10)^ 
53364".  2487 


o,  « 16304  + 4946  « 21  ,.250  lb/in2 

lsbm 


Maximum  longitudinal  stress  in  the  skin  on  the  bottom  of  the 
hull,  immediately  aft  of  the  maximum  diameter  station,  with 
a downward  gust  (0  max  speed)  : 


o, 

sbM 

°lsbm 


16304 

16304 


(2  5.25  52  ) (10)  6 (12). 
T"3T6"4."24T;  — 

(303.  0624)  (IQ)6 
5 3 367.  2 4 8 7 


16304  - 5673  * 10,631  lb/in2 


o. 


Similar  analysis  for  MC-125 


rt  - 8 7.2  04  ft  = 104  6.4  5 in. 

L = 784.  837  ft  = 9418.00  in. 
u ~ 100  knots  Z = 42  longerons 


R 


^ae 

Mae 

^ae 


(lLMI)!  = ((784.837)  C-64))2 

.5  ^ I 


2,893.212  ft 
34,718.5  in. 


( . 02);-  u2V^3  L 

2g 

(.02)  0i6ifD(168*9)2  (j2-5^10)6  )/(784.835) 
28.S448C.10)6  ftlb 


Gas  head  moment 

Mg  - (.2  0)lfkRr4 

Mg  = (. 20) (3. 14159) (. 06535) (87.204)4 
Mg  = 2 . 37449 (10) ^ ftlb 
Gust  moment 

Mm  - (.10)  I ucV/3  L 
2 8 

Mm  “ C'10)  0T^3"t|)(168-9)  (35.0)  ^12. 5(10)  6 ^)/a  (784.835) 
Mm  = 29  . 58S2C3.0)6  ftlb 
Determination  of  maximum  skin  thickness 


27tRT  (6. 283185)  (87. 204) 

b = ~z  “ 42  C12) 


156.55  in. 


t 


(.395295)  (10) 
(24507. 9)(1C46. 448) 
.0216  in.  maximum 


(10.137831) (10) 


Nearest  standard  gage  t = .022  in. 
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Maximum  flight  pressure  (similarly  as  for  MC-200  and  MC-1Q0) 

2kRx  + p / 2RtRls  \ 

arv  - 32850  - f [ 777 7 — j7~ 

TMnv  1 \2RLS  + rT/ 


32850 


(2) (3.78182  87)  (10)  (1046.45)  + 


( 2) (1046. 4 5)  (3 4 718.5) 
(2) (34718.5)  V 1046.45 


638.6065 


P = T06T  46T8  “ *60106  lb/in' 


p * (12) (2. 307) (.60106)  = 16.6397  in  of  water 

Transverse  stress  in  the  skin  at  the  bottom  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station 


p /2» tRLS  ) 

“Tsb  ' <WR1.S  * «T  / 


.60106  | ( 2)  (1046.45) (34718. 
'".022  \ ( 2 ) (34  718. 5)  + 1046 


3471  8.  5)  \ 
+ 1046.45; 


°TSB  = C27.  321) (1030.9136)  - 28,166  lb/in* 
with  tg  = .020  in, 

The  hoop  stress  at  the  bottom  of  the  hull  will  be,  writh 
tg  “ .020  in: 

.60106  , 

TSB  “ “20"'  (1030.9136)  = 30,982  lb/in 

This  is  acceptable. 

Longitudinal  stress  in  the  skin  on  top  of  the  hull,  immediately 
aft  of  the  maximum  diameter  station 


*t  + P /rTrLS  \ 
tT  \ 2Ric  + Rf  / 


1.  781828: 


.45)  + 60106 


(515.4568) 


oL  - (30. 91863) (515. 4568)  = 15,937  lb/in' 


1 'Ll ;■  r ^ j, ‘.t  5.7. ^ V >Y  { : -■>!  f sjg. • »:iU-  ” <v‘j • 
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Longitudinal  stress  in  the  skin  on  the  bottom  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station 


P /RTRLS  \ 
0LSb  " iB l2RLS+  RI j 


• U V 1 u u 

°LSB  s “oTiT  (S1S.4S68) 
oLsr  = 15,491  lb/in2 

Maximum  ] ongitudinal  stress  in  the  skin  on  top  of  the  hull, 
at  maximum  speed,  immediately  aft.  of  the  maximum  diameter 
station,  with  upward  gust 


Mm  - 


a - 15957  - 129.5882  - 2 ■ 37449) (10)  6 (12) 
LSTM  (3.14159)  C- 022)  (1045745p 


oL  = 15937  - 4315  « 11,622  lb/in2 
stM 


Maximum  longitudinal  stress  in  the  skin  on  top  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station  with  down- 
ward gust  (@  max  speed)  : 


- 0 


jstm 


LSt 


Mm+  Mg 

Trt.pR^, 


. ,ov.  (29.5882  + 2.37449)  (10)6(12) 
°LSTm  ' ' 7.5684885(10)4 

°LST  = 15937  + 5068  E 21«OOS  lb/in2 


Maximum  longitudinal  stress  in  the  skin  on  the  bottom  of 
the  hull,  immediately  aft  of  the  maximum  diameter  station 
with  upward  gust  (@max  speed): 


•sbm 


= o. 


JSB 


'tBR| 
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(27.21371)(10)(12) 

LSBm  = 15491  + (3.  14159  j ( . 020TaoT6 . 45T2 

n . (3.265645)  (10J6 

lSBm  ~ 15491  6'.  88“044fri0l^ 

0,  = 15491  + 4740  = 20,237  lb/in2 

lsbm 

Maximum  longitudinal  stress  in  the  skin  on  the  bottom  of 
the  hull,  immediately  aft  of  the  maximum  diameter  station 
with  downward  gust  "(@  max  speed): 

Mm-t-Mg  (12) 

LSBm  lSB  nBRf 

„ _ iuqi  3.  8355228(10)^ 

lSBm  " " 6.8  80  44T(T0l4 


MC- ISO 


a,  = 15491  - 5575  = 9,916  lb/in2 
lsbm 

Rt  - 92.6688  ft  = 1,120.3  in. 

L - 834.01875  ft  = 10,008.23  in. 


u = 100  knots 


z -■  44  longerons 


o,  * „ ((834. 01875)  (.64)) 

KLS  rT  92.6688 


- 3;0  74  ft 


= 36  89  4 . 4 in. 


Aerodynamic  moment,  at.,  sea  level 


Mae  = (.02)  qV'”L  q=  -f-u2 

Mae  = (. 02)(33. 9034)  fl 5(10) (834.01  875) 

Mae  “ 35 . 6385 (10) ^ ftlb 
Gas  head  moment,  at  sea  level 


Mg  = ( . 20)rrkRr 
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M„  = (. 20) (3.14159) (. 06535) (92 .6688) 
Mg  = 3.02802(10)^  ft  lb 
Gust  moment,  at  sea  level,  c = 35  ft/s' 


Mm  ■ t-10)^ucV  L 


Mm  » (.10)p6TTSrlj(168-9)(35.0)  ^15(10)Cj  (834.01875) 

Mm  « 35. 6384 (10) 6 ftlb 


Determination  of  the  maximum  skin  thickness 


2 irRp 


t3  = £2b2RT 


159.98  in  - 


t3  ■ (f.  62878)  (10)‘^|2  (159.98)  2 (1120.3) 

t3  « (1133G. 0866) CIO) ~ 9 
t * .0224  in . 

Nearest  standard  gage  t = .024  in. 

Maximum  flight  pressure  from 

2kRT  + p /2R'fRLs  \ 

aT  = t Urls  + 


32  850 


I.  7818287)  (10)  (1120.  3)  + p . 

. 0TT 


/( 2 ) (1120.  3)  (368 94.4)  \ 
I (2j  (36  894 . 4 + 1120.3  / 


69  4.69  tv.  „ 2 

P = 1103.54 54 ' = *62968  Ib/in 


p = (12)  (2 . 307) (. 62968)  = 17.432  in. of  water 


iTURBOMACHINES, 

NAPQ  762  38- 30 


Transverse  stress  in  the  skin  at  the  bottom  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station 


tSB 


P 

t 


/2RTR  LS 
( 2UjjS"  +'  % 


n .62968  /(2) (1120 . 3) (36894. 4)^ 

TSB  " TffZT  \ 2f36  89  4T4T'+  112  0.  l) 


a » (26. 2367)  (1103.  S45) 
*SB 


lSB 


28,953  lb/in' 


The  hoop  stress  at  the  bottom  of  the  hull  will  be  ( t =.022) 

D 


0,. 


rSB 


.62968  , o 

-7022-  (1103.545)  = 31,585  lb/in2 


The  skin  on  the  bottom  of  the  hull  at  maximum  diameter 
tB  = .022  in 

Longitudinal  stress  in  the  skin  on  top  of  the  hull  immcdiateljy 
aft  of  the  maximum  diameter  station 


2kRr 


rtrls 


lst 


tT 


2rls  + RT 


(2) (3. 7818287) (10)  3 f 1 1 2 0 . 3)  + .62968  „ r r , 

°LST  ■ 7024  (551.773) 


(551.773) 


°LST 

aLg'p  = 16,42  5 lb /in 2 

Longitudinal  stress  in  the  skin  on  the  bottom  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station 

p /rtrls  \ 

°LSB  tli\2RLS  + rT  / 

.62968 

°LSB  = TFH  (551.773) 
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oLs]i  * 15,793,  lb/in2 


Longitudinal  stress  in  the  skin  on  top  of  the  hull,  immed- 
iately aft  of  the  maximum  diameter  station,  with  upward  gust 
(@  max  speed) : 


M 


aLSTM=  °LST 


m 


- M„ 


fftTR2 


°Lstm  = 16425 


(35.6385  - 3.02802)  (10)6(12) 
3 . 1 4im  0 24)  (1.120  ;yjz 


16425 


3.913258(10) 

9.463013(10)^ 


°lstm  _ 16425 


4135  * 12,290  lb/in2 


Maximum  longitudinal  stress  in  the  skin  on  top  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station,  with  down- 
ward gust  (@  max  speed) : 


lstm 

°lstm 


, Mm  + Mg 


16425  + 


(38.66652(10)^(12) 
9. 463013(10) 


16425  + 4903  = 21,328  lb/in2 


Maximum  longitudinal  stress  in  the  skin  on  the  bottom  of  the 
hull,  immediately  aft  of  the  maximum  diameter  station,  with 
upward  gust(@  max  speed): 


M 


m 


- Me 


"tBR2 


“‘■sbm 

0, 

hSBfj 


15793 


(3.91  325  8)  (10) 8 
+ 8.6744282(10)4 


15793  + 4511  *«  20,304  lb/in2 
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Maximum  longitudinal  stress  in  the  skin  on  the  bottom  of  the 
hull,  immediately  aft  of  the  maximum  diameter  station,  with 
downward  gust  (@  max  speed) : 


a,  -a, 

LSBM  l 


SB 


Mm  4 Mg 

TTtBR^, 


38. 66652  f 10)  6 (1  2) 

Lsbm  = 15793  " 104159)  (7oT2)  (1120. 3)  2 

4 . 6 399  824(10)8 
°LSBM  = 15793  " 8 ."6  7442  82  (1 07? 

a,  - 15793  - 5349  «=  10,444  lb/in2 
LSBM 


MC- 175 


Rt=  97.554  ft  - 1;1 7 0 . 6 5 in. 

1,  ■ 877.987  ft  - 1,053.584  in. 
u = 100  knots  Z = 46  longerons 

„ = fj.  B ((877.987)  (.64)V  ■ 3236.515  ft 

rLs  Rt 97T5ST 


■ 38,839.4  in. 


Aerodynamic  moment  at  sea  level 

a*  ~TT,j2-  33.9034  lb/ftJ  9 

% 100  .knots 

Mae  - (.  02)  (33.9034)  (l7.  5(1Q)6  ) (877.987) 


M 


ae 


( • 0 2 ) q 3 1 


Mae  “ 40.1286(10)  ftlb 

Gas  head  moment  at  sea  level 

,4 


M 


g 


(.  20)frkR 


Mg  » (.  20) (3. 14159) (.  06535)  (97. 554) 4 
Mg  - 3. 71882(10)6  ftlb 

Gust  moment,  c = 35.0  ft/s  at  full  speed,  at  sea  level 
Mm  - (•  10)  2-“CuV 


183 


kTURBOMACHINES, 

NADC- 76? 38- 30 


Mm  = (-10)  ^"HIJci68.9)C35.0)^17.6(10)6J/iC877.987) 

M,„  = 41. 5775(10)  6 ft  lb 

Determination  of  maximum  thickness  of  skin  at  maximum  hull 
section 


2 rrRT 

b = = 


159.90  in. 


K2  = (. 395295) (10) ‘12s  „ **„_. 

(159.9)*Tn70TT 

t3  « 11 . 83165 CIO) ~6 
t « .0228  in': 

Nearest  standard  gage  t = .024  in. 

Maximum  flight  pressure,  for  = 32,850  lb/in' 
Hoop  stress  on  top  of  the  hull 


0.J.  «3 


32850  “ 


2kR-p  + p / 2RtrlS  ^ 
t \2RlS  + RT 


(1170.65)  + p 


/(2)  (1170.65)  (38839.4) 
^(2) (38839. 4)  + 1170.65 


686.22  . r r\  a /■.  a n.  2 

p = na  n " • 59464  lb/ in 


1 ” 1154.0  J.U/  4.J1 

p - (12) (2. 307) (. 59464)  = 16.47  in.  of  water 

Transverse  stress  in  the  skin  at  the  bottom  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station 

' 0 . P /2RTRLS ) 

^ SB  t \2Rpg  + Rp / 

. 59464  f (2) (■  170.65) (38839.4)  \ 
rSB  “ .024“  f(2)  (38839.4)  + 1176765; 

oT  “ (24.7767) (1153.2698) 

oT  = 28,574  lb/in2 
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The  hoop  stress  at  the  bottom  of  the  hull  will  be:  (tgB.022) 

59464  7 

oT  - "TITZiZ^1*  (H53.2698)  * 31  ,172  lb/in* 

The  skin  on  the  bottom  of  the  hull  at  maximum  diameter  is 


tg  = .022  in . . 

Longitudinal  stress  in  the  skin  on  top  of  the  hull,  immed- 
iately aft  of  the  maximum  diameter  station 


2kRj  + p 
tf 


/RTrLS 
V‘RLSrT  + rT 


C2)(3. 7818287)  C10r5C1170. 65)  * .59464 
* .024 


(576.63491 


.683184 
“ — 702T“ 


(516.6349) 


14,707  lb/in2 


Longitudinal  stress  in  the  skin  on  the  bottom  of  the  hull, 
immediately  aft  of  the  maximum  diameter  station 

p /rtRLS  \ 

°Lsb  ’ tB  \2RLS-RT/) 

o • "T^r  <576. 63493  - 15,586  lli/in2 


Longitudinal  stress  in  the  skin  on  top  of  the  hull,  immed- 
iately aft  of  the  maximum  diameter  station,  with  upward  gust 
(«  max  speed)  : 

Mm  - 

o.  = a,  - — — — — 

LSTm  ST  irtTR2 

0 _ 147n7  (42,. .5 775  - 3.71882)  (10)6  (12) 

• °LST  ” 14/u/  ' (3.14159) (. 024) (3170. 65) 2 


°LSTM 

°lstm 


14707 


4.  543042  CIO)8 
10. 332  72  54  (1  (JT? 


14707  - 4397  = 10,310  lb/in2 
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Maximum  longitudinal  stress  in  the  skin  on  top  o£  the  hull, 
immediately  aft  of  the  maximum  diameter  station,  with  down- 
ward gust  max  speed): 


Mm  + Mg 


O*  t 

lstm 

“ a,  + 

lst 

°lstm 

= 14707  + 

"••STm 

“ 14707  + 

"lsth 

- 14707  + 

(41. 5 775  + 3.71882)  (10)  6 (12) 
10. 3327254(1 0)^ 


10. 332  7254(10)4" 


Maximum  longitudinal  stress  in  the  skin  on  the  bottom  of  the 
hull,  immediately  aft  of  the  maximum  diameter  station,  with 
upward  gust  (@ max  speed) : 


Mm  ' Mg 

°LSBm  °^SB  irtgRl 


„ _ 4.542816(10)  8 

ibbS6  (3.14159) (. 022) (1170.65)2 


4.542816(10)8 

aLsBM  = 15586  + 9.4716640(10)4 
Or  = 15586  + 4796  = 20,382  lb/in2 


Maximum  longitudinal  stress  in  the  skin  on  the  bottom  of  the 
hull,  immediately  aft  of  the  maximum  diameter  station,  with 
downward  gust(@  max  speed): 

Mm  + Mg 

LSBm  lSB  irtBR2 

a „ (45.29632) (10)6(12) 

lSBm  15586  9.4716649) (10)4 

o.  = 15586  - 5739  = 9,847  lb/in2 

lSBm 
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The  hull  skin  i loaded  by  a transverse  (or  hoop)  stress, 
a longitudinal  tress  and  shear  stress,  everywhere  on  the 
surface  of  the  hull;  the  preceeding  analysis  took  up  only 
the  stress  state  at  the  maximum  hull  diameter  with  maximum 
loading . 

The  highest  principal  stress  in  the  hull  skin  arises  in  the 
region  above  and  below  its  equator 

The  principal  stress  in  tension  is: 


0T  + oi 
2 


and  in  shear: 


jr t - aL\z, 


The  shear  load  on  the  skin  is  the  lift  load  forward  or  aft 
of  each  main  frame,  up  to  one  half  of  the  distance  between 
adjacent  main  frames. 

The  lift  load  is  reduced  by  the  weight  of  skin,  fabric  dia- 
phragm, one  secondary  frame  and  longerons;  all  these  weights 
can  bo  assumed  to  be  lifted  directly  by  the  gas.  The  weight 
of  the  main  frame  has  to  be  supported  by  skin  shear  as  well 
as  the  weight  loads  acting  on  the  main  frame. 

In  MC-200,  at  maximum  hull  diameter,  the  total  lift  on  the 
hull  section  one  half  the  distance  between  main  frames  for- 
ward and  aft  is  164,0981b*  (Refer  to  1.8).  One  half  of  this 
lift  acts  forward  and  one  half  acts  aft  of  the  frame.  The 
lift  acting  forward  or  aft  of  the  frame  is  also  divided,  one 
half  acting  on  the  port  side  and  one  half  acting  on  the  star- 
board side  of  the  hull;  therefore,  the  maximum  lift  on  each 
side  of  the  hull  forward  or  aft  of  frame  station  334.50  is: 


L - 1/4  (164098)  = 41,024  lb 

The  weight  of  skin  on  port  or  starboard  side  of  the  hull, 
forward  or  aft  of  the  maximum  diameter  main  frame  is: 

wskin  = 1/4Y'P>1  ^(120/360)  tB  + (240/300)  t*^ 

Ws  B (. 25) (.102) (2m) (1223.934)  (12) (104)  (( . 333)  ( . 022 ) 

+ (.  667)  (.024)^ 

* 0 10,000  ft 
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Ws  = (244733)  (.00735  + .0160]") 

Ws  - 5,711.6  lb 

Weight  of  longerons  (approximately)  : 

Area  of  longeron  Ag  = .57  in  » 

Adjustment  for  weight  (1.25)  (.  57)  = .7125  in* 

Volume  per  1 ft  V = (12) (.7125)  s 8.55  in’ 

Weight  per  1 ft  WL  = (.102) (8. 55)  » .872  lb 

In  the  hull  section  considered: 

WL  = ( 52)  (24  ) (.872  ) = 1 , 088  lb 

Weight  of  one  half  of  secondary  frame  (approximately) : 

Wf  - 2.02  lb/ft 
P *=  2irR  = 7690.2  in 
P/2  = 3845.1  in  - 320.425  ft 

Wf  - (2.02) (320.425)  « 647.26  lb 

One  half  of  cell  membrane  weight  lifted  directly  either  for- 
ward or  aft  of  the  main  frame: 

0 

Wdiaphragm  = 1 / 2rr Rv  C-“  + R) 

wdiaphragm  = -1-/2  71  C102) 

Wdiaphragm  * 1,095.5  lb 

Structural  weights  of  one  half  of  the  hull  lifted  directly 
by  gas  either  forward  or  aft  of  the  maximum  diameter  main 
frame  are: 


pjljV'lK]  lb 


Weight 

of 

skin 

5712 

lb 

Wei  gilt 

of 

longerons 

1088 

ft 

Weight 

of 

one  half  of  secondary  frame 

647 

1 1 

Weight 

of 

one  half  diaphragm 

1097 
8~5  44 

It 

lb 

The  lift  shear  load  acting  on  either  the  forward  or  aft 
side  of  the  maximum  diameter  main  frame  is: 

Q = 41024  - 8544  32,480  lb 

The  unit  shear  forward  or  aft  of  the  maximum  diameter  main 
frame  is : 


V 


to  110 

coso 


lb/ in . 
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At  45"  with  respect  to  the  planes  of  a 
the  planes  of  the  maximum  shear  stress 

The  principal  shear  stress  is: 


(9372  1 + ( 352  .0  } - y 87  .9383  (10) 
tq  c 9,376  lb/ in2 

All  stresses  are  without  the  contributing  effect  of  areas 
of  longerons  and  therefore,  conservative. 

Cross-section  area  of  skin  at  maximum  diameter, 


As  = + <^(2*  RT)tB 


As  = (.667)  (6.28318) (1223.934) (.024)  + ( . 333)  (6 . 2831 8) x 

(1223.934)  (.02  2) 

As  = (1.23105)  (10)2  + (-  563384)  (10)2  = i'79.'44  in2 
Area  of  48  longerons, 

AL  - (48)  (.57)  = 27.  36  in2 
Ratio : A^  27.36 

•£--  ~ y 4~y2  = *13695  This  ratio  is  high  and  further 
analysis  should  reduce  it. 

When  the  maximum  volume  cell  is  deflated  and  the  air  pressure 
is  also  lost,  the  skin  cannot  contribute  to  the  strength  of 
the  hull  significantly;  this  is  described  in  Section  1.8  and 
also  in  later  Sections  of  this  report.  At  this  time  it  is 
useful  to  determine  the  maximum  moments  that  may  arise  at 
u = 52  knots  (the  maximum  speed  with  deflated  cell)  and 
35  ft/sec  maximum  gust  velocity. 

HC- 200 

Case  of  deflated  maximum  volume  cell. 

Y o 

Aerodynamic  moment  at  52  knots  is:  (Mae=(.02) — u V . L) 


, TURBOMACHINES. 


Mae  = C.02O)^-i^R7-78)2(2°C1036)  ' 

Mae  - 12.38732(10) 6f t lb 


Gas  moment  M„  = 0.0 (zero)  at  the  deflated  cell 

o i \ 


Gust  moment:  Mm  = ( 


:.nf 


Mm  * 24. 694485 (10)Dftlb 


) C8 7 . 7 76 ° 0 ) (35)  f 2 0 ( 1 0 )6  Y* 
x (918)  ' 


This  moment  has  to  be  resisted  by  the  longerons  of  the  hull 
with  the  small  contribution  from  the  skin  on  the  . tension  side 
of  the  hull;  this  contribution  is  disregarded. 


A similar  analysis  is  now  described  for  MC-100  with  the  pur- 
pose of  interpolating  the  skin  thicknesses  for  other  inter- 
mediate size  hulls,  between  MC-100  and  MC-200  values. 

The  shear  load  on  the  skin  is  the  lift  load  forward  or  aft 
of  each  main  frame,  up  to  one  half  of  the  distance  between 
adjacent  main  frames. 

The  lift,  load  is  reduced  by  the  weight  of  skin,  fabric 
diaphragm,  one  secondary  frame  and  longerons;  all  these 
weights  can  be  assumed  to  be  lifted  directly  by  gas.  The 
weight  of  the  main  frame  has  to  be  supported  by  skin  shear 
as  well  as  the  weight  loads  acting  on  the  main  frame. 

Analysis  similar  to  MC-200  is  repeated  here  for  the  MC-100 
hull,  with  analysis  for  MC-125,  MC-150  and  MC-175,  not  shown 
in  this  report  because  of  similarity.  The  maximum  lift  on 
each  side  of  the  MC-100  hull,  forward  ancj  aft  of  the  maximum 
diameter  main  frame  No.  262 . 287, (Section  1.8,  page  56)  is: 

L «*  1/4  (82500)*=  20,625  lb  *at  10,000  ft 

The  weight  of  skin  on  port  or  starboard  side  of  f->e  hull, 
.forward  or  aft 'of  the  maximum  diameter  main  frame  is': 


wskin 

"skin 

Wskin 

"skin 


1‘Y-P  -X  (120/360  tB  + 240/360  tT) 

(.  25)  (.102)  (2  ir)  (9  71.44)  (83)  (12)  ^( . 3333)  (.018)  + 

; (.6667)  (.  020)) 

(155023 )^(.  006)  + .0133)) 

2,992  lb 
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Weight  of  longerons  (approximately)  : 

Weight  per  1 ft  = .62  lb 
In  the  hull  section  considered: 

WL  * (41.5)  (21) (.  62)  = 540.3  lb 
Weight  of  one  half  of  the  secondary  frame  (approximately)  : 

Wf  « 1.3  lb/ft 

In  the  hull  section  considered: 

Wf  ■ (1 . 3)  (?rr)  = (1.  3)  (if)  (80.953)  = 371.5  lb 

One  half  of  the  cell  diaphragm  weight  lifted  directly  either 
forward  or  aft  of  the  main  frame  is: 

^diaphragm  - yirRy  •(jpR) 

^diaphragm  = (.  5)  (3. 14159)  (80.953)  (.04444)  (41 . 5 + 80.953) 
Wdiaphragm  - 691.98  “ 692  lb 

Structure  weights  of  one  half  hull,  lifted  directly  by  gas 
either  forward  or  aft  of  the  maximum  diameter  main  frame  are: 


Weight  of  skin 

Weight  of  longerons 

Weight  of  one  half  secondary  frame 

Weight  of  diaphragm 


2992  lb 
540  " 

372  » 

692  " 

4596  lb 


Lift  shear  load  acting  on  either  forward  or  aft  side  of  the 
maximum  diameter  main  frame  is: 

q « M|00  _ 4S96  s 1G)q29  lb 

v 3 mR  s “X3TT7"47T“  5.2  522  lb/in  ( =shear/un.it  length  of 


Shear  stress  at  equator: 


perimeter  at  the 
equator) . 


t = t “ “ 262,6  ib/in2 


= 32,850  lb/in 
°IjST  « 16,425  lb/in2 


o,r 
1 ST 


, ■'}  vy  ItafhAfW 
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REDUCED  SKIM  THICKNESS. 


thickness 


REDUCE 
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Principal  stress  in  the  skin  <?  equator: 

a0  « 24639  +~y(262. 6) 2(4) + (32850- 16429) 2 
o o - 24639  + ~y"2~6992 5 086  * 24639  + 8215 
a0  B 32,854  lb/in2  (max.) 

All  stresses  are  without  contributing  effect  of  areas  of 
longerons  and  therefore,  conservative. 

The  (.018)  skin  at  the  bottom  of  the  hull  is  applied  from 
an  angle  of  a = 0°  to  60°  upward  on  each  side  of  the  hull 
at  maximum  section  and  is  proportioned  with  other  thicknesses 
along  the  length  between  frame  stations  69.80  and  640.09. 

7 • 2 RELATIVE  ELASTICITY  OF  SKIN  AND  STRUCTURE.  The 
highest  stress  used-  in  nTl'huiis' ’is""  the  hoop"  stress  when  the 
hull  is  under  maximum  allowable  gas  and ‘ air  pressure  and 
designed  to  a factor  of  safety  of  two,  with  a maximum  allow- 
able stress  of  op  = 32,850  lb/in..  In  the  instance  of  MC-2O0, 
at  maximum  diameter,  this  stress  would  produce  a radial 
elastic  deformation  of  the  hull  shell  equal  to: 

. - « °T  . 32850 


e - ART  - rt  4 e (1223-934)rii^cioT^ 

ART  a 3.94179  in.,  radially 

However,  the  longitudinal  stress  at  the  same  station  is, 

» 1/2  Oj  xt  16,425  lb/in2,  normal  to  the  stress  This 

stress  will  reduce  the  radial  deformation  due  to  the  effect 
of  Poisson's  Ratio  v,  as  follows: 

^L  Ot 

-AV  - VRT  4 - - VRT 

The  actual  radial  deformation  will  be: 

arTq  - art  - arv ~ Rt(i  ' y)t 

ad  L • 32850 

AKTo  « (1223.934)  ' 2 . ) TrOTTToJB 

AR^q  = 3.29139  in.,  actual  radial  deformation 
ARTo  3.29139 

ARt  * 3.94179  " 1 83499  = . 835 





I 

R 
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This  alleviates  considerably,  the  elastic  strain  between 
the  shell  skin  and  the  structure  attached  to  it, 

Poisson's  Ratio  has  an  influential  effect  on  all  Metalclad 
structures  due  to  the  large  dimensions  of  Metalclad  shells. 
Por  instance,  it  reduces  the  radial  deformation  of  the  skin, 
due  to  the  presence  of  longitudinal,  skin  stresses,  while  at 
the  same  time  the  effect  of  Poisson's  Ratio  on  the  radial 
growth  of  the  frames,  main  as  well,  as  secondary,  is  almost 
zero.  Therefore  the  strain  between  the  transverse  structure 
and  skin  is  inherently  reduced.  In  addition,  further  al- 
leviation of  this  interaction  strain  is  accomplished  by  means 
of  elastic  "springs"  between  the  structure  and  the  skin, 
mentioned  in  section  5,  and  other  sections  of  this  report. 

A similar  effect  exists  also  in  the  longitudinal  direction 
caused  by  transverse  stress,  which  tends  to  unload  the  lon- 
gerons from  tension.  Therefore,  the  longitudinal  tension 
in  the  shell  skin  will  be  normally  higher  than  the  tension 
in  the  longerons. 

The  preceding  analysis  was  for  the  maximum  diameter  station 
of  the  hulls.  The  maximum  moment  is  assumed  to  prevail  from 
a station  (.4615)(L)  to  a station  (.650)  (L).  The  following 
will  review  the  conditions  at  both  of  these  stations  on  the 
MC-200  and  MC-100  hulls. 

MO  2 00 

The  C- 4615)  (L)  station  is  at  (.  4615)  (017.949)  or  423.6335  ft. 
from  the  bow  and  called  station  "a"  in  this  analysis.  This 
station  is  aft  of  the  maximum  hull  diameter  station. 


The  hull  radius  is  (station  "a") 


■ R. 


Ta 


= R'  1/1 


(423.6335 -aB) 2 

1. 


aB 


= 330.4616  ft 


as  = 587.4874  ft 


l*Ta  » (101. 9945)  (.9  87361)  « 100.7054  ft 
The  thickness  of  skin  on  top  of  'the  hull  of  the  MC-  200  is 
tj  “ .024  in. 

The  longitudinal  radius  of  curvature  of  the  hull  at  station 

v/>  : 


R 


La 


190 


- if  ^ ^ jJ  ^ J c-.  1 


,-p-  ai.-.-:. V,t uV't v ; wpv-'iiy  i •«  vhi'.llP  1 ftliw . k-l ll-LdlV.  . '•  1 Ji^-*  i-->  — P-  •- - *• 


iSiiisi  -H-- 
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_ ((101.9945)  4(93.  1715)2  + (587, 487)  4(100  . 7054^  f2 
La  = ' (587. 487)4(101. 9945)4 

rl  - 3.256656  (10)  3ft.  = 999,079.87  in. 

The  hoop  stress  on  top  of  the  hull  at  station  ”a”  is: 


2kRTa  + P /2KTaRLa 
“*Ta"  t “ 


l.o  la 


(2)  (■  065.75  ) (1/  1 72 8J  ( 100j 

°Tst/  “ ' -024 


091404  + . 56125 


' 2)  (39080. 0) (1  208. 4 6 ) 
T)  (39080.0)  + 1208.46 

(9 .4453234)  (10) 7 
78160  + 1208.46 


°tST  * ^27‘  1939)  (1190)  = 32,362  lb/in2 

Longitudinal  stress  at  station  "a" 

2kRTa  * P / RTaRLa  "N 

La  t WRLa  + RTa  / 

°La  = (27. 1939)  (595)  - 16,181  lb/in2 

This  stress  is  only  slightly  lower  than  at  the  maximum 
diameter  station  and  therefore,  it  is  obvious  all  other 
stresses,  as  computed  for  the  MC-200  at  maximum  diameter, 
will  be  insignificantly  lower  at  station  "a". 

Station  "b" 

Station  "b"  is  (.650)(L)  * ( . 6 SO)  (91 7 . 34)  or  596.661  ft.  from 
the  bow. 

596.661  - 330.462  = 266.199  = x distance 
from  the  maximum  diameter  station. 

Radius  of  hull  at  station  "h"  is: 


„ l / (266.199)2" 

r » rt  /i  - — rT 
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\ f (266  . 199 ) 2~ 
')  1 ‘ TsTTTTOTr 


RTb  = (101.9945 ) yi  ■ ■[ 'ssTTKaTyr 

R...  * (101.9945)  (.601452)  = 90.92322  ft  » 1091.08  in. 

1 b 

Longitudinal  radius  of  curvature  of  hull  at  station  "b"  is; 

(%4*2  * .avTA 


4 


RLb  “ 


(O  01 . 9945)4  (266 . ] 99)  2 + (587.487)  4 (M.  9 2 322}  2V' 
(587. 4 87)  4(101. 9945)^  J 


31265.6309 


Rlb  = iirJgifg#  = 2/23.2625  ft  - 29,079.15  in. 
The  hoop  stress  on  top  of  the  hull,  at  station  "b"  is; 
2kRTb+  P / 2RTbRLb  \ 

aT?b  * * [Wb "^7  / 


191.08)  + .56125 


.024 


' (J2) (290  79. 15; 

.0825255  + .56,125  f[6 . 34  55  358 ) (] 
°TTb  * ‘ .024  l 59249.38 


29079.15  A 
+ 1091. 08  y 


aT  = (26,82398) (1070. 99)  = 28,728  lb/in2 
1 Tb 

The  stress  aT  = 28,728  lb/ in2  is  lower  than  was  computed 

1 Tb  2 

for  the  maximum  diameter  station  of  the  hull  ( aTS].—  32  ,850  lb/ii  ) 

Therefore,  the  maximum  diameter  station  has  the  highest  stress 
in  the  hull  shell  skin  in  any  of  the  five  hulls  investigated. 

In  the  case  of  the  MC-200,  the  maximum  moment, 

M,n  + M„  = 51.963767(10)^  ftlb,  declines  toward  the  bow  at 
the  rate  of: 

51. 963767  (10)6  ftlb  „„  ftlb 

423.633 = 122 >662  7T 


, .1  v < V/ll 
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At  the  maximum  diameter  station,  330.462  ft  from  tile  bow, 
the  maximum  moment  is: 


(330. 462)  (122662)  = 40 . 5351 30 (1 0) 6 ftlb 

This  compares  with  51 . 963767 (10)6  ftlb,  used  in  preceding 
analysis.  This  difference  is  too  large  and  the  maximum 
diameter  station  is  re-computed,  to  allow  for  it.  The  in- 
fluence of  the  lower  than  maximum  moment  at  the  maximum 
diameter  station  will  result  in  higher  residual  tensile 
stresses  in  the  skin  on  the  compression  side  of  the  hull 
shell  and  lower  tensile  stresses  on  the  tension  side  of  the 
hull.  This  points  to  a broader  range  of  admissible  hull 
pressure  variation  than  at  first  appeared  from  the  preceding 
analysis. 

Recomputed  longitudinal  stress  on  top  of  the  MC-200  hull, 
at  maximum  speed,  immediately  aft  of  the  maximum  diameter 
station,  with  an  upward  gust  (Refer  to  page  170): 


Mm  * Mg 


°lSTm  ^^ST  fftTRl 


*LSTM  “ 16424 


(37.040  - 3.463542)  fl0)6Q2) 
Trrr2947"5)Tio)5 


°LsTm  " 16424  - 3567  = 12,851  lb/in2  residual  tension 

stress . 

Compared  to  previous : 

o,  = 11,847  lb/in2 

lstm 


Maximum  longitudinal  stress  on  top  of  the  hull,  at  maximum 
speed,  immediately  aft  of  the  maximum  diameter  station, 
with  a downward  gust (Refer  to  page  170): 


“m  “g 
C + * x — — 

LST  7Ttl’R| 

, . . _ . (37.040  + 3.463542)  (10)  6(12) 

16424  + (1. 129475)  (10) 5 


16424  + 


(40.503542) (10)6(12) 
(L.l  29475)(10)5 
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0.  = 16424  + 4303  = 20,727  lb/in2 

LSTM 


Compared  to  previous  (P^ge  171) 
o,  = 21,945  lb/in2 


Maximum  longitudinal  stress  on  the  bottom  of  the  MC-2O0 
hull,  at  maximum  speed,  immediately  aft  of  the  maximum 
diameter  station,  with  an  upward  gust: 

M - M 
1 ‘m  1 *g 


lrtBRT 


„ . 15  300  iio)  1(1.21 

lSBm  UU  (1.0353524(10)5 

oT  - 15300  + 3892  = 19,192  lb/in2 
LSBM 

Compare  to  previous  (page  171) 
oT  « 20,373  lb/in 

lsbm 

Maximum  longitudinal  stress  on  the  bottom  of  the  hull  at 
maximum  speed,  immediately  aft  of  the  maximum  diameter  station, 
with  a downward  gust: 

M + M 
m g 

0LSBm  LSB  irtjp^r 

a (40. 503542) (10)6(12) 

LSBM  “ 15380  " U.  0353524)  (10)5 

a = 15380  - 4694  = 10,686  lb/in^  (Residual 

LSBpj 

stress  in  the  skin  at  the  bottom  of  the  hull.) 

Compare  to  previous  (nape  171) 

- 9,357  lb/in2 


This  is  the  lowest  residual  stress  at  the  maximum  diameter 
station,  due  to  the  sum  of  moments  at  that  station. 


The  computed  hull  air  pressures  are  at  sea  level.  With 
altitude,  as  the  ambient  pressure  decreases,  the  relative 
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hull  air  pressure  stays  constant,  while  the  absolute  hull 
air  pressure  decreases  in  a constant  ratio  with  the  ambient 
air  pressure  pQ.  Therefore,  absolute  hull  pressure  : 

p hull  = pQ  + Ap  hull 

Relative  hull  pressure  - 

p gage  s Ap  hull  = constant 

At  10,000  ft  ceiling  altitude  the  ambient  pressure  is 

p10  = 10.1078  lb/in2 

fcn  the  case  of  MC-  200: 

Ap  hull  = .56125  lb/in2; 

p hull1Q  = 10.1078  + .56125  = 10.66905  lb/in2 

absolute . 

Although  the  absolute  hull  air  pressure  varies  with  change 
of  altitude,  the  gage  air  pressure  is  constant  at  all  al- 
titudes . 

The  stresses  in  the  hull  shell  skin  are  very  nearly  constant 
at  any  identical  location  in  all  hulls.  This  originates 
by  making  the  maximum  hoop  stress  in  all  hulls  equal  to 
one  half  of  the  ultimate  tensile  strength  of  the  metal  skin, 
a rational  basis  of  comparison. 


For  MC-200 


°lSt  ■ 

16, 

,424 

lb/in 

O ss 

LSB 

15, 

,380 

lb/  in 

a,  = 

11, 

,847 

lb/in 

lstm 

•w 

9, 

,35  7 

lb/in 

Longitudinal  stresses  in 
the  skin  without  any  moment 


Minimum  residual  stresses  in 
the  hull  with  maximum  bending 


Minimum  margin  in  skin  stress  at  the  top  of  the  hull: 


’L 


STM=  . 11847 

1 16424 

JST 


.7213  = .2787 
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It  is  appropriate  to  point  out  the  duality  of  the  shell  stress 
Equation 

!l  + fL  . £ 

RT  R L t 

used  in  this  section.  It  is  a close  assumption  for  the  purpose 
at  this  time,  that 

oL=  l/2o^, 

The  above  shell  liquation  can  be  solved  in  two  ways,  set  here 
side-by- side : 


1 ■ E 


w + rT  “ t 

Rt  + rl  " 

°T  °T  p 

o^p  pR-j. 

% + 2Rl“  t 

R^  + 2R^te 

aT  + TKJf  t 

t» 

°T  P / 

1 

2Rl  + R-t 


2Rj  Rt 


aT 


IK 


r| 

rt  ■ 

2RlRt-Rt 

__ 


2RLRT 

2'Rj/Rt 


2RlrT“Rt 


The  Oj  satisfies  o^s  l/2a^,  while  > 1 / 2aq'  5 °r  > pressure  p, 
computed  by  method  1 is  lower,  by  method  II,  higher.  Method  I 
is  used  in  the  analysis  of  this  section,  because  its  results 
check  with  the  basic  Equation.  On  the  other  hjind , Method  II 
is  rational,  e.g.,  when  Rp+“>,  expression  for  reduces  to: 

oT  a ^rT,  while  under  the  same  condition, 

Oy  Becomes  indefinite. 

‘Engineering  Design,  J.H.  Faupel,  John  Wiley  6 Sons, 1964  , 
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8.  SKIN  SEAMS 

8.  1 TYPE , STHKNGTH,  AND  Will  GUT. 

8.1.1  Type . There  are  two  types  of  seams  used  on 
Metalclad  airship  hulls.  One  consists  of  the  butt  splice 
seam  between  two  skin  panels  and  the  other  is  a lap  joint 
seam  between  skin  panels  and  the  thicker  base  skin  under  all 
structural  elements  attached  to  the  skin  of  the  hull,  e.g., 
under  the  main  frames,  secondary  frames,  and  the  longerons. 

Both  seam  joints  are  shown  on  the  MC-200  hull  layout, 

Appendix  M-5  and  on  Figure  39.  All  rivets 

■will  be  installed  in  "dimpled"  recesses  which  is  the  standard 
practice  for  100°  rivets,  although,  for  simplicity,  they  aro 
shown  as  being  recessed  by  machined  countersinking.  Altogether 
five  types  of  seam  joints  are  used  on  the  hulls  to  join  skin 

to  skin  and  skin  to  thicker  skin  forming  the  bases  of  all 
structure.  These  seams  are  shown  in  Figure  40  and  Tables  , 

No.  20  through  No.  31  . They  are:  . 

Type  I,  Lap  seam  joint  that  connects  pieces  or  panels  of  skin 
which  form  the  bases  of  main  frames.  This  seam  joins  the 
same  thicknesses  of  sheets  and  its  external  side  is  smooth. 

Type  II,  Lap  seam  joint  connects  pieces  of  skin  under  the 
longerons,  and  secondary  frames.  In  addition,  this  joint 
is  used  to  connect  pieces  of  the  transition  strip  which  is 
used  between  the  main  frames  base  skin  and  the  local  skin 
panel,  as  well  as  the  seam  between  the  transition  panel  and 
the  longeron  base  skin.  (Same  thickness  of  skin  at  joint.) 

Type  III,  Lap  seam  joint  that  connects  skin  panel  with  heavier 
base  skin  under  all  structural  frame  work;  (different  thick- 
nesses of  skin  at  joint). 

Type  IV,  Lap  seam  joint  that  connects  base  skin  of  main  frames 
to  transition  strip  from  main  frame  to  skin  panels;  (different 
thicknesses  of  skin  at  joint.) 

Butt  joint,  that  connects  pieces  of  skin  to  make  a layer  size 
unit  panel  for  mounting  on  the  hull  between  two  longerons  and 
two  frames;  back-up  strip  is  used;  (same  thickness  of  skin). 

8.1.2  Strength . The  construction  of  the  seams,  both 
butt  and  lap  ) dints','  is  such  that  the  joint  strength  is  at 
least  equivalent,  to  the  strength  of  the  unbroken  metal  or 
better;  therefore,  the  seam  efficiency  is  higher  that  100*!;. 

This  is  accomplished  by  using  compound  riveted  and  bonded  , 
joints.  These  joints  have  one  inch  width  of  lapped  or  faying 
area  that,  is  bonded  and  riveted  together  by  a double  row  of 
.094  diameter  rivets  spaced  at  1.50  inch  intervals  in  a 
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staggered  pattern.  The  rivets  are  to  be  driven  during  the 
curing  time  interval  Tor  the  bonding  material  and  force  the 
faying  surfaces  of  the  skin  together  with  a force  such  that 
the  final  cured  thickness  of  the  bond  will  be  approximately 
.004  in.  maximum.  The  strength  of  the  joint  is  developed  by 
the  bonding  material  shear  and  the  rivets  assure  a tight  bond 
without  voids  and  other  i moerf ect ions  in  the  joints,  as  well 
as  providing  security  against  prying  forces  on  the  bonded 
interface.  Fatigue  endurance  of  "dimpled."  flush  rivets  is 
known  to  be  high  already  and  bonding  will  raise  it  even 
higher.  The  bonding  substance  functions  also  as  a sealant  for 
containing  lifting  gas  or  air. 


The  technology  of  bonding  and  sealing  is  now  well  developed 
and  has  been  used  for  many  years  in  aircraft  construction. 

TI  has  researched  several  chemical  corporations  and  their 
respective  bonding- scaling  products.  Most  products  are 
adaptable  to  thin  aluminum  sheet  bonding  with  strengths 
depending  on  method  and  time  for  curing.  Metalclad  construc- 
tion will  require  room  temperature  application  and  curing, 
however  local  supplementary  heat  in  the  form  of  controlled 
infra- red  can  be  used  on  structure  seams,  after  riveting  in 
place.  Particular  environmental  parameters  to  satisfy,  and 
still  maintain  strength,  will  be  conditions  of  humidity  and 
high  or  low  temperatures  encountered  in  airship  operations. 
Several  references  have  been  analyzed  including  the  Airforce 
"PA13ST"  study  conducted  by  McDonald  Douglas  Corp.  on 
adhesive  bonding  of  aircraft  structures.  Bonded  and  riveted 
seams  of  high  strength  and  efficiency  as  required  by  Metalclad 
construction  are  easily  obtainable  with  present  state  of 
technology. 


8.1.3  Weight . The  weight  per  unit  length  of  the  seams 
varies  according  to  type  of  seam  and  its  location  on  the  hull. 
The  unit  weights  of  seams  are  tabulated  in  Tables  No.  20 
through  No . 24 . 

8.2  Length  Of  Seams  In  The  Hulls.  The  lengths  of 
various  types  of  seams  in  the  MO  200  hull  are  tabulated  in 
Tables  No.  2S  through  No.  3!  and  are  shown  below: 

Type  Length,  ft 

I 


II 


III 


1,976.9 

325.0 

1,035.7 
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TABLK  20  MC-100:  Seams-  Weight  Per  Boot  (Pounds) 


Hull 

Station 

Typo  I 

Type  IT 

Type  III 

Type  IV 

Butt 

Joint 

0.00 

T 

0.120769 

0.081601 

0.062017 

0.101185 

0.084866 

to 

ISO. 85 

B 

0.106082 

0.071809 

0.054673 

0.088945 

0.075074 

150.85 

T 

0. 135457 

0.091393 

0. 069361 

0.113425 

0.094658 

to 

206.96 

B 

0.120769 

0.081601 

0.062017 

0.101185 

0.084866 

206.96 

T 

0.150145 

0.101185 

0.076705 

0.125665 

0. 104450 

to 

373. 80 

B 

0.135457 

0.091393 

0.069361 

0.113425 

0.094658 

373. 80 

T 

0.135457 

0.091393 

0.069361 

0.113425 

0. 094658 

to 

458. 39 

B 

0.120769 

0.081601 

0.062017 

0.101185 

0. 084866 

458.39 

T 

0.120769 

0.081601 

0.062017 

0.101185 

0. 084866 

to 

548.14 

B 

0.106082 

0.071809 

0.054673 

0.088945 

0. 075074 

548.14 

T 

0.071809 

0.054673 

0. 075074 

to 

577.29 

577.29 

B 

T 

0.091393 

0.062017 

0,062017 

0.047329 

0.047329 

0.076705 

0. 065282 

0. 065282 

to 

640.09 

B 

0.084049 

0. 057121 

0.043657 

0.070585 

0. 060386 

640.09 

T 

0.052225 

0.039985 

0. 055490 

to 

692.56 

692.56 

B 

T 

0.042433 

0.032641 

0. 045698 

to 

728.576B 
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TABLE 

21  MC-12S 

: Seams- 

Weight  Per 

Foot  (Founds) 

Hull 

Butt 

Station 

IZBSJL 

Type  II 

Typo  III 

Type  IV 

Joint 

0.00 

T 

0. 135454 

0.  091393 

0.069361 

0.113425 

0.094658 

to 

162.29 

B 

0.120769 

0, 081601 

0.062017 

0.101185 

0. 084866 

162.29 

T 

0. 150145 

0.101185 

0.076705 

0.125665 

0.104450 

to 

222.89 

B 

0 . 1354  5 7 

0.091393 

0.069361 

0.113425 

0. 094658 

222,89 

T 

0. 164833 

0.100977 

0.084049 

0.137905 

0.  114242 

to 

401.66 

B 

0.  150145 

0.101185 

0.076705 

0.125665 

0.104450 

401.66 

T 

0.  150145 

0.101185 

0.07670S 

0.125665 

0.104450 

to 

490.38 

B 

0. 135457 

0.091393 

0.069361 

0.113425 

0.094658 

490.38 

T 

0.135457 

0.091393 

0.069361 

0.113425 

0.094658 

to 

579.24 

B 

0.  120  769 

0.081601 

0.062017 

0.101185 

0.084866 

579.24 

T 

0.081601 

0.062017 

0.084866 

to 

609.21 

B 

0.071809 

0.054673 

0.075074 

609.21 

T 

0.106081 

0. 0 71809 

0.054673 

0.088945 

0.075074 

to 

668. 10 

B 

0. 091393 

0.062017 

0.047329 

0.076705 

0.065282 

668.10 

T 

0.062017 

0.047329 

0.065282 

to 

697.01 

B 

0.057121 

0.043657 

0.060386 

697. 01 

T 

0.062017 

0.042433 

0.032641 

0.052225 

0.045698 

to 

784. 835B 

0.054673 

0.037537 

0.028969 

0.046105 

0.040802 
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TABLI: 

23  MC-175:  Seams- 

Weight  Pei 

Foot  (Pounds) 

Hull 

Butt 

Station 

Type  I 

Type  II 

Type  III 

IZEiJV 

Joint 

0.00 

to 

T 

0.150145 

0.101185 

0.076705 

0.125665 

0 . 10  44  SO 

181.55 

B 

0. 1354S7 

0.091393 

0. 069361 

0.113425 

0. 094658 

181.55 

T 

0.164833 

0.110977 

0.084049 

0.137905 

0.114242 

to 

249.34 

B 

0.150145 

0.  101185 

0.076705 

0.125665 

0.104450 

249.34 

T 

0.179521 

0.120769 

0.091393 

0.150145 

0. 124034 

to 

449. 33 

B 

0. 164833 

0.110977 

0. 084049 

0. 137905 

0.114242 

449.33 

T 

0.164833 

0.110977 

0.084049 

0.137905 

0. 114242 

to 

548.58 

B 

0.150145 

0.101185 

0.076705 

0,125665 

0.  104450 

548.58 

T 

0.150145 

0. 101185 

0.076705 

0.125665 

0. 104450 

to 

649.99 

B 

0.135457 

0.091393 

0.069361 

0. 113425 

0.  094658 

649.99 

T 

0.091393 

0.069361 

0.094658 

to 

681.52 

B 

0. 081601 

0.062017 

0. 084866 

681.52 

T 

0.120769 

0.081601 

0.062017 

0.101185 

0. 084866 

to 

747.40 

B 

0.106082 

0.071809 

0.054673 

0.088945 

0.075074 

747.40 

T 

0.071809 

0.054673 

0.075074 

to 

779. 74 

B 

0.062017 

0.047329 

0. 065282 

779. 74 

T 

0.  076705 

0.052225 

0.039985 

0.064465 

0.055490 

to 

877. 987B 

0.069361 

0.047329 

0.036313 

0.058345 

0.050594 
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'1ABL1;  24  MC-200:  Seams-  Weight  Per  Foot  (Pounds) 


Hull 

Station 

IZESJL 

0.00 

T 

0.150145 

to 

192.24 

15 

0.135457 

192.24 

T 

0.164833 

to 

26S. 65 

B 

0.150145 

265.85 

T 

0.179521 

to 

475.16 

B 

0.164833 

475.16 

T 

0.164833 

to 

578.96 

B 

0.150145 

578.96 

T 

0.150145 

to 

683.21 

B 

0.135457 

683. 21 

T 

to 

715.09 

B 

715.09 

T 

0.120769 

to 

787, 76 

B 

0 . 106082 

787. 76 

T 

to 

820.76 

B 

820.76 

T 

0.076705 

to 

917. 949B 

0.069361 

Type  II 

Type  III 

0.101185 

0. 076705 

0.091393 

0.069361 

0.110977 

0.084049 

0.101185 

0.076705 

0.120769 

0.091393 

0.110977 

0.084049 

0.110977 

0. 084049 

0. 101185 

n. 076705 

0.101185 

0.076705 

0.091393 

0.069361 

0.091393 

0.069361 

0.081601 

0.062017 

0.081601 

0.062017 

0.071809 

0.054673 

0.071809 

0.054673 

0.062017 

0.047329 

0.052225 

0.039985 

0.047329 

0.036313 

Type  IV 

Butt 

Joint 

0.125665 

0. 104450 

0.113425 

0.094658 

0.137905. 

0.114242 

0.125665 

0.104450 

0.150145 

0.124034 

0.137905 

0.114242 

0.137905 

0.114242 

0.125665 

0.104450 

0.125665 

0.104450 

0.113425 

0.094658 

0.101185 

0.094658 

0.084866 

0.084866 

0.088945 

0.075074 

0.064465 

0.075074 

0.065282 

0.055490 

0.058345 

0.050594 

TABLE  25  MC-200:  Type  I Lap  Joint 
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TABLE  29  MC 

-200:  Type 

III 

Lap  Joint 

- Skin  Panels 

Mid  Point, 
of  Arc 

Between  Frames 

Radius  at. 
Mid  Point 
Station 

Length  of 
Arc  From 
Layout 

1-Frame 

Base  Skin 
- 1 - (1.625) 
or  (1.125) 

Station 

R ft 

l ft 

V ft 

29.95 

42.429 

15.95 

14. 325 

49.  75 

53,819 

22.35 

21.225 

74.40 

64.474 

27,35 

26.225 

103.90 

74.250 

30.0 

28.375 

141.95 

83.771 

32.225 

30.6005 

175.29 

90.050 

32.10 

30.975 

209.05 

94.861 

31.85 

30.225 

249, 70 

. 98.902 

30.65 

29.025 

282.05 

100.894 

30.45 

29.325 

314.15 

101.870 

30.00 

28.375 

354.262 

101.911 

30.00 

28.375 

386.962 

101.521 

32.9 

31.775 

421,162 

100.771 

35.25 

33.625 

456.912 

99.604 

36.15 

34.525 

491.212 

98.102 

32.25 

31.125 

525.112 

96.233 

35.75 

34.125 

• 560.762 

93. 831 

35.85 

34.225 

594.962 

91.073 

32.00 

30.875 

629.082 

87. 836 

35.  70 

34.075 

664.862 

83.859 

36.  80 

35.175 

697.312 

79.665 

32.2 

31.075 

...Se_e  pa.Kg_2.2fi  ..for 

continuation 

_p! 

stations . 
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29  Continued  - 


0109  Rt 

£ to  i. 
of 

Longeron 

Base  Skin  , 

s'  = 2-(2)(h  tan  22°  + 

Seam  Length 
Per  Panel 
= (2)  V + (2)  s 

h ft 

s ft 

s 1 ft 

L ft 

0.462 

5.554 

4.0552 

36. 760 

0.587 

7.045 

5.446 

53.342 

0.703 

8.440 

6.747 

65.943 

0.809 

9.  719 

1.940 

72.631 

0.913 

10.966 

9.103 

79.407 

0.982 

11. 788 

9.869 

81.689 

1.034 

12. 417 

10.457 

81.364 

1.078 

12. 946 

10.950 

79. 950 

1.100 

13. 207 

11.193 

81.037 

1.110 

13. 335 

11.313 

79.375 

1.111 

13. 340 

11.317 

79. 385 

1.107 

13.289 

11.270 

86.090 

1.098 

13. 191 

11.178 

89.607 

1.086 

13.038 

11.036 

91. 122 

1.069 

12. 842 

10.852 

83.955 

1.049 

12.600 

10.624 

89.499 

1.023 

12.  282 

10.331 

89.112 

0 . 993 

11.921 

9.994 

81. 738 

0.95  7 

11. 498 

9.599 

87. 348 

0.914 

10.977 

9.115 

88.577 

0.  868 

Sj3c.-p.ai 


10,428 


8.60 


79. 353 


TABLE  29 


continued 


Mid  Point 
of  Arc 

Between  Frames 

Seam  Length 
For  48  Panel 
' ■>  (48)L 

Station 

Total  ft 

.29.95 

1,764.499 

49.75 

2,560.401 

74.40 

3,165.288 

103.90 

3,486.278 

141.95 

3,811.518 

175.29 

3,921.072 

209.05 

•3,905.453 

249.70 

3,837.609 

282.05 

3,889.762 

314.15 

3,810.002 

354.262 

3,810.478 

386.962 

4,132.318 

421.162 

4,301.127 

456.912 

4,373.840 

491.212 

4,029.837 

525.112 

4,295.936 

560.762 

4,277.377 

594.962 

3,923.445 

629.082 

4,192.706 

664.862 

. 4,251.703 

697.312 

3,808.942 

See  page  228  for  continuation  of  stations. 


TABLJi  29  Continued 


Mid  Point 
of  Arc 

Between  Frames 

Radius  at 
Mid  Point 
Station 

Length  of 
Arc  From 
Layout 

Station 

R ft 

X ft 

733.362 

74.230 

37.0 

769. 712 

67. 731 

36.75 

804.262 

60.305 

33.70 

836.962 

51.676  ' 

33.50 

865.212 

42.236 

26.20 

888.612 

31.828 

25.50 

X Frame 
Base  Skin 
- I - (1.625) 
or  (1.125) 

l1  ft 

35.375 
35.125 

32.575 
31.875 

24.575 

24.375 
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TABU!  29  Continued 


0.0109  Rt 

top 

of 

Longeron 

Base  Skin  , 

s' =2- (2)  (h  tan  22°  + SL^'i) 

Seam  Length 
Per  Panel 
“(2)1*  + (2)  s 

h f:  t 

s ft 

s'  ft 

L ft 

0.809 

9.  717 

7.938 

86.626 

0.738 

8.  866 

7.144 

. 84.539 

0.657 

7.  894 

6.238 

77.625 

0.  563 

6.  764 

5.184 

74. 119 

0.460 

5.529 

4.0316 

57.213 

0. 34  7 

4.166 

2.761 

54,272 

TABLE  29  continued 


Mid  Point 
of  Arc 

Between  Frames 
Station 
733.362 
769.712 
804.262 
836.962 
865.212 
888. 612 


Seam  Length 
For  48  Panels 
» (48) L 

Total  ft 

4,158.041 

4,057.861 

8,726.019 

3,557.69 

2,746.236 

2,605.051 

96,842.785 
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TAB  LI! 

30  MC-200: 

Type  IV  Lap 

Jo  int 

Number 

Total  Length 

Diameter 

Circumference 

of 

of  Seams 

Station 

ft 

ft 

Seams 

ft 

18.38 

67. 082S48 

210. 74603 

2 

421.49206 

121.87 

158. 21S77 

497.04949 

2 

994.09898 

229.  SO 

194.23555 

610.20896 

2 

1 ,220.4179 

334.  SO 

203. 98418 

640.83519 

2 

1 ,281.6  703 

438.81 

200.48984 

629. 84739 

2 

1,259.7147 

543.16 

190.15034 

597.3749 

2 

1,194.7498 

646.46 

171. 96699 

540.25022 

2 

1,080.5004 

751.64 

142.21317 

446.77584 

2 

893.55168 

853.08 

93. 177094 

292.72446 

2 

585.44892 

S 8,931.6446  ft 


1 
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TABLE  31  MC- 200 : Butt  Joint 


Length  of  Splice 
Per  1 Panel 
e s ft  + 1,0  in. 

Total  Length 
48  Panels 
= y (48) 

Station 

LJ1 

Total  ft 

29.95 

49.  75 

74.40 

6.830 

327. 844 

103. 90 

8.024 

385.139 

141.95 

9.186 

440. 935 

175.29 

9.953 

477.  736 

209.05 

10.540 

505. 926 

249.70 

11.033 

529.605 

282.05 

11.277 

541. 281 

314.15 

11.396 

547.001 

354.262 

11.401 

547.239 

386.962 

11. 353 

544.959 

421.162 

11.262 

540.563 

456. 912 

11.119 

S33. 720 

491.212 

10.936 

524.919 

525.112 

10.708 

513.968 

560.762 

10.414 

499.888 

594. 962 

10.078 

483. 723 

629.082 

9.682 

464.753 

664.862 

9.197 

441.451 

697. 312 

8.6  85 

416.871 

See  next  page  for  continuation  of  stations. 
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Length  of  Splice 
Per  1 Panel 
= s ft  + 1.0  in. 

Total  Length  For 
48  Panels 
= y (48) 

Station 

LJ1 

Total  ft 

733.  362 

8.021 

385.020 

769.  71 2 

7.228 

346.931 

804. 262 

6.  321 

303. 410 

836.962 

S.268 

252.845 

86S. 212 

4.115 

197. 518 

888. 612 

2.844 

136.525 

riO, 889. 767 

t 

i 
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9.  HULL  OPENINGS  & REINFORCEMENT  OF  BOW 

9.1  DESCRIPTION  Metalclad  hulls  will  be  provided  with 
openings  for  a number  of  purposes: 

1.  Permanently  framed  openings  with  unstressed  covers 
or  devices.  Among  them  are  circular  openings  for 
gas  and  air  valves.  Terminals  on  top  of  the  hull 
for  cell  evaluation  and  inflation;  air  entries  for 
blowers;  human  entry  from  spaces  external  to  the 
hull;  and  thrustors,  etc.  It  is  improbable  that 
emergency  air  entry  openings  will  be  needed,  as  was 
the  case  with  ZMC-2. 

It  is  expected  that  the  study  hulls  will  be  provided 
with  power  driven  blowers  with  standby  capacity  for 
each  air  sub-volume  and  will  not  require  emergency 
suction  air  entries. 

2.  Openings  on  the  bottom  of  the  hull  with  replacable 
stress  carrying  covers,  (i.e.,  for  introducing  cell 
diaphragms  into  air  sub-volumes) . The  covers  would 
be  attached  with  screw  fasteners  along  two  longerons 
and  two  secondary  frames,  providing  air-tight  scam 
joints  and  thus  restoring  the  hull. Payouts  (ap- 
pendix M)  show  typical  views  and  Sections  of  both 
typ.es  of  hull  openings. 

9.2  OPENING  REINFORCEMENT  All  permanently  framed 
openings  wdu'l d b eT  define d"  by  a rigid,  light-weight  ring,  with 
a skin  doubler  at  the  innermost  flange.  Between  the  skin  and 
the  doubler  would  be  aluminum  alloy  honeycomb,  with  the 
doubler  sloping  toward  the  skin  with  increasing  radial  dis- 
tance from  the  ring  until  it  meets  the  skin.  The  doubler- 
honeycomb  structure  restores  the  strength  of  the  cut-out  skin 
as  well  as  reduces  stress  concentrations  around  the  openings. 

9.3  BOW  STRUCTURE  A similar  construction  is  considered 
for  the  reinforcement  of  the  bow  to  support  the  skin  against 
the  locally  high  dynamic  pressure,  and  also,  to  distribute 
the  loads  from  the  mooring  cone  spindle.  Sketch  Figure  41 
shows  a typical  Metalclad  hull  bow,  with  an  internal  skin 
attached  to  honeycomb  structure  and  forming  a hollow,  rigid, 
bow  dome  principally  for  distributing  cone  anchor  loads  into 
the  skin  and  longerons.  The  dome  supports  the  bow  flight 
pressure,  as  well.  This  structure  concept,  is  used  in  estima- 
ting the  bow  weight. 

The  structure  indicated  in  Figure  41,  is  exclusively  for 
flight  purposes,  excluding  cone  spindle  structure,  which  is 
not  part  of  the  lift  structure. 
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10  HULL  STRUCTURE  WEIGHT 

10.1  WFTCHTS  OF  HIH.I.  COMPONENTS.  All  the  structures 
of  metalclacf  luffls  are  of~The  some”*  architecture ; main  frames, 
secondary  frames,  and  longerons , as  described  in  Section  1. 

In  Figures  2,  3 and  4,  are  shown  relative  dimensional  values 
of  the  structure  for  all  hulls. 

The  weights  of  main  frames  were  determined  for  MC-100  and 
MC-20D  and  extrapolated  for  the  remaining  hulls.  In  Section  3 
is  described  the  analysis  of  a main  frame  for  MC-2O0,  with 
the  comment  that  this  analysis  is,  at  this  time,  still 
imperfect  and  results  in  an  overweight,  conclusion.  The  main 
frames  of  MC-200  are  computed  on  this  basic  analysis  and 
subsequently  these  weights  are  reduced  to  801  of  computed 
value  as  noted  under  the  heading  of  "Adjusted  Total  Frame 
Weight"  in  the  last  column  of  table  for’  frames.  Those 
adjusted  weights  are  considered  to  be  close  to  weights  that 
will  be  determined  by  a more  thorough  analysis. 

The  secondary  frames  are  .loaded  by  weight  loads  during  con- 
struction and  in  case  of  loss  of  pressure  in  a cell.  Deter- 
mination of  loads  on  them  is  considered  in  Section  1.8  and 
Section  4.  The  principal  function  of  secondary  frames  is 
to  maintain  circularity  of  hull  in  deflated  state  and  to 
provide  a stablizing  support  to  the  longerons.  Their  weights 
are  tabulated  in  Table  33  for  MC-200,  Table  36  for  MC-100 
and  extrapolated  for  intermediate  hulls.  The  analysis  of 
secondary  frames  also  needs  further  study,  including  the 
interaction  of  longerons  with  these  frames  on  an  analytical 
scale  model  as  well  as  with  actual  structural  parameters. 

The  objective  of  this  study  is  to  determine  whether  the  frames 
as  now  designed,  are  not  too  rigid. 

The  longerons  were  given  much  analytical  attention,  especially 
in  Section  5. and  by  computer  programs.  Their  principal 
function  is  the  support  of  hull  during  construction  and  in 
case  of  loss  of  pressure.  The  sections  arrived  at  are 
capable  of  supporting  all  these  loads.  The  interaction  of 
longerons  (as  well  as  of  frames)  was  given  much  time  and 
effort  and  the  conditions  for  it  are  satisfied  in  all 
structures  including  the  longerons.  The  weights  of  longerons 
are  tabulated  in  Table  34  for  MC-200,  Table  37  for  MC-100  and 
extrapolated  for  intermediate  hulls. 

NOTH : Columns  showing  "adjusted  weights"  of  main  frames  and 

"total  weights"  of  secondary  frames,  diaphragms  and 
membranes  wore  factored,  after  extrapolation,  using 
MC- ISO  as  a base  to  provide  a more  realistic  and 
accurate  weight  calculation. 
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1 n , 2 WEIGHT  TOH’RMTNATrnN  OF  THl.i  MAIN  ERAHJ ' S , . 

SECONDARY  FRAMES  AND  1,0?  I HERONS  I The  weights  o TlTtr  u c t u r e 

are  determined " Tor  He  - 21)7)  ancP MC  - 100  and  interpolated  for 
other,  intermediate  volumes  of  hulls. 

The  basic  parameters  of  all  structure  are  noted  below  as 
frame  construction  constants. 

1.  Geometrical  height  of  main  frame  from  base  to  apex 

= (0 . 108) (Radius  of  hull  at  given  station) 

(exceot  minimum  height  of  8 ft  ) 

2.  Height  of  main  frame  with  cap 
“ (0.9) (Value  determined  in  1>) 

3.  Geometrical  height  of  secondary  frame  apex 
*•  (0. 0125)  (Radius  of  hull  at  given  station) 

4.  Height  of  secondary  frame  with  cap 
= (0.9) (Value  determined  in  3.) 

5.  Geometrical  height  of  longeron  apex 

“ (0.0109) (Radius  of  hull  at  givon  station) 

6.  Height  of  longeron  with  cap 
= (0.9) (Value  determined  in  5.) 

The  weights  of  structure  are  tabulated  below  in  this  section. 
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10.2.1  Main  Frames 

TABLE  32  MC-200,  Main  Frame  Weights 


Main 
Frame 
Stati on 

X-Section 
Area  (in2) 

Cap  and  Feet 

X-Section 
Area  (in2) 
Corrugati ons 

X-Section 
Area  (in2) 
Skin 

Weight  for 
(lb) 

Anchors  Ea. 

18.38 

4.6045694 

5.1408492 

0.9550487 

20.0 

121.87 

4.9174797 

S. 4902033 

1.0199504 

20.0 

229.50 

6.0370048 

6.7401159 

1.  2521547 

20.0 

334.5 

6.34 

7.0784 

1.315 

20.0 

438.8 

6.2313931 

6.957144 

1.2924734 

20.0 

543.16 

5.910066 

6.598393 

1.225826 

20.0 

646.46 

5. 3448763 

5.9673773 

1.1085981 

20.0 

751.64 

4.6045694 

5.1408492 

0.9550487 

20.0 

853. 08 

4.6045694 

S.1408492 

0. 9550487 

20.0 

^TURBOMACMINES. 
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10.2.1  continued 


TABLE  32 

MC- 200 , Main 

Frame  W'eights 

Total  Weight 
(lb) 

Anchors 

Radius  at 
Station 
Feet 

Height  of 

Apex  (ft) 
Geometrical 

Height  of 
Apex  Cap 
(ft) 

960 

33.541274 

8 . 000 

7.600 

960 

79.107889 

8.543652 

8.1164694 

960 

97.117778 

10.48872 

9.964284 

960 

101.99209 

11.015145 

10.464387 

960 

100.24492 

' 10.826451 

10.285128 

960 

95. 07S712 

10.268176 

9.7547672 

960 

85.983498 

9.2862177 

8.8219068 

960 

71.106589 

8.000 

7.600 

960 

46.588547 

8.000 

7.600 

10.2.]  continued 


TABLE 

32  MC- 200  , Main 

Frame  Weights 

Main 

Frame 

Station 

Height  of 
Centroid  (ft) 
From  Skin 

Radius  of 
Revolution 
(ft) 

Total 

X- Section 
Area  (in2) 

18.  38 

3.800 

29.741274 

10. 700467 

121. 87 

4.058234 

75.049655 

11.427633 

229.50 

4.982142 

92.135636 

14.029274 

334.5 

5.2321935 

96.7599 

14. 7334 

438. 8 

5.142564 

95.10236 

14.48101 

543.16 

4.8773836 

90.198329 

13. 734285 

646. 46 

4.4109534 

81.572545 

12.420851 

751. 64 

3.800 

67. 306589 

10. 700467 

853. 08 

3.  800 

42.788547 

10. 700467 

iTURBOMACHINES, 
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10.2.1  continued 


TABLli  32  MC- 200,  Main  Frame  Weights 


Volume 


22,833.09 
61,538.295 
97,459.44 
102,291.33 
103,836. 78 
88,888. 384 
76,393.504 
51,677. 415 
32,852.67 


Weight  of 
Frame 

Chess  Anchors] 
2 ,329. 1793 
6,276.9060 
9,940.8628 
10,433.715 
10  ,591. '351 
9,066.6151 
7,792.1374 
5,271.0963 
3,350.9723 


Total  Weight 
of  Frame 

Structure  + Anchor 

3,289.1793 

7,236.9060 

10,900.862 

11,393.715 

11,551.351 

10,026.615 

8,752.1374 

6,231.0963 

4,310.9723 

73,692.833  lb 
(36 . 846416  tons) 
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10.2.1  continued 

TABLE  32  MC-200,  Main  Frame  Weights 


Main 

Frame 


Station 

Caps* 

Cornices* 

Skin* 

18.  38 

50. 723935 

61 . 995921 

11.689795 

121. 87 

138.43687 

ISO. 47487 

27.465223 

229.50 

206.90022 

229.0681 

88.892966 

334.5 

225.04464 

256.08528 

45.06768 

438.8 

221.18952  * 

244.07119 

94.919245 

543.16 

195.31585 

217. 01762 

39.010686 

646.46 

163.5532 

183. 17959 

70.560051 

751.64 

112.71985 

129.62783 

23.379591 

853.08 

73.267905 

84.539889 

16.365714 

''Additional  weight  (lb)  due  to  splices  in  these  items. 
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10.2.2 

Secondary  Frames 

TABU; 

33  Secondary  Frame 

Weights  MC- 200 

Secondary 

Frame 

Station 

X-Sec.tion 

Area  (in*2) 

Cap  and  Feet 

X-Section 

Area  (in^) 
Corrugations 

Radius  at 
Station 

Feet 

38.38 

0. 34695153 

0.40568039 

47. 708171 

60.87 

0.4289712 

0.50158362 

58.986427 

88.50 

0.50519826 

0.59071371 

69.46816 

158. 38 

0.63324023 

0.74073948 

87.074795 

192.24 

0.67374135 

0.78778627 

92.643973 

265.85 

0. 72742599 

0. 85055817 

100.02597 

298.50 

0. 73826439 

0.86323119 

101.51632 

370.70 

0. 7400 

0. 86526058 

101.75498 

404.06 

0. 73589836 

0.86046467 

101.19098 

475.16 

0.71889155 

0.84057909 

98.852424 

508.26 

0.70605747 

0.82662492 

97.211411 

578.96 

0. 6721J  961 

0. 78589002 

92.420974 

611.08 

0.65165417 

0.76196037 

89.606837 

683. 21 

0.59315114 

0.69355447 

81.562278 

715.09 

0. 56 06 74 14 

0.65558005 

77.096467 

787. 76 

0.46564526 

0.54446553 

64.029356 

820. 76 

0.40862902 

0.4777981 

56.18924 

876. 15 

0.2747806 

0.32129301 

37.784178 

898. 96 

0.18706047 

0.2187244 

. 1 

25.722074 

242 


■ ^TURBOMACHINES. 

^ IMDC- 76238-  30 


10.2.2  continued 

TABU:  3 3 

continued 

Height  of 
Apex  (ft) 
Cieomet  rical 

Height  of 
Apex  Cap 
(ft)  . 

Height  of 
Centroid  (ft) 
Front  Skin 

Radius  of 
Revolution 
(ft) 

0.596315213 

0.53671691 

0.26835845 

47.439813 

0.73733033 

0.66359729 

0. 331 79864 

58.654629 

0.868352 

0. 7815168 

0.3907584 

69.077402 

1.0884349 

0.97959141 

0.4897957 

86.585 

1.1580496 

1.0422446 

0.5211223 

92.122851 

1.2503246 

1.1252921 

0.56264605 

99.46333 

1.268954 

1.1420586 

0.5710293 

100. 9453 

1, 2719372 

1. 14.4  7434 

0.572371 7 

101.18261 

1. 2648872 

1.1383984 

0.5691992 

100.62179 

1.2356553 

1.1120897: 

0.55604485 

98.29638 

1.2151426 

1.0936283 

0.54681415 

96.664597 

1.1552671 

1.0397358 

0.5198679 

91.901107 

1.1200854 

1.0080768 

0.5040384 

89.102799 

1.0195284 

0.91757556 

0.45878778 

81.103491 

0.96370583 

0.86733524 

0.43366762 

76.6628 

0.80036695 

0. 72033025 

0.36016512 

63.669191 

0. 7023655 

0.63212895 

0. 31606447 

55.873176 

O'.  47230222 

0.42507199 

0. 21253599 

37.571643 

0. 32152592 

0.28937332 

0.14468666 

25.577388  . 
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10,2.2  continued 


TABLE 

33  Secondary 

Frame  l'/eights 

MO  2 09 

Secondary 

Frame 

Station 

Total. 
X-Section 
Area  (.i.n^) 

Volume 

(in3Ji 

Total  Weight 
of  Frame 
Structures 

38.38 

0. 75263192 

2,692.072] 

274.59135 

60.87 

0.93055482 

4,115.3364 

419. 76431 

88.50 

1. 0949199 

5,707.8524 

582. 20094 

158.38 

1.3739697 

8,969'..  7618 

914.9151 

192.24 

1. 4615276 

10,151.623 

1 ,035.4655 

265.85 

1.5779841 

11,833.867 

1,207.0544 

298.50 

1.6014955 

12,189. 134 

1,243.2916 

370. 70 

1.6052605 

12,246. 514 

1,249.1444 

404.06 

1.596363 

12,111. 132 

1,235.3314 

475.16 

1.5594706 

11,557.817 

1,178.8973 

508. 26 

1.5335823 

11,177.266 

1,140.0811 

578. 96 

1.4580096 

10,102.81 

1,030.4866 

611. 08 

1.4136145 

9,496.9345 

968.68731 

683.21 

1.2867056 

7,868.2806 

802.56462 

715.09 

1.2162541 

7,030.2391 

7] 7.08438 

787. 76 

1.0101107 

4,849.0806 

494.60622 

820.76 

0.88642712 

3,734.2852 

380. 89709 

876.15 

0. 5960  736 

1,688.5781 

172.23496 

898.96 

0.40578487 

782.55184 

79.820287 

15,1?, 7. 12  lbs 
(7.56356  tons) 
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10.2.2 

TABLE 

continued 

33  Secondary  Frame  Weights  MC-200 

Total 

Weight  • 

Total 

Frame  Weight 

Cans* 

Cornices  * 

of  Splices 

Clb) 

6.37003 

6.37003 

12.74006 

286.05 

9.9761538 

9.9761538 

19.952307 

437.75  " 

13. 603978 

13. 603978 

27.207956 

606.68 

21. 702408 

21. 702408 

43.404816 

954,03  " 

23.915121 

23. 915121 

47.830242 

1,0  78  /45  " 

28. 491821 

28. 491821 

56.983642 

1 /258  /38 

28. 916339 

28. 916339 

57.8326.78 

1 , 2 0 5 . 30 

28. 98432 

28. 98432 

57.96864 

1/30 1/26 

28. 823666 

28. 823666 

57. 647332 

1 /287,  19 

27.27762 

27.  27762 

54.55524 

1 ,22 7:  9 3 - 1 

26.824793 

26.824793 

53.649586 

1 ,18  8 ,'3  9 

23.857557 

23. 857557 

47. 715114 

1./073 .38 

22. 333491 

22,333491 

44.666982 

1 /008,  82* " 

18.876441 

18.876441 

37.752882 

3 36.. '5  6 

17.156628 

17. 156628 

34.313256 

748,03.. 

11. 398995 

11. 398995 

22. 79799 

515,.  09 

9.0029145 

9.0029145 

18 . 005829 

39  7,  12  • 

4. 0359774 

4.0359774 

8.0719548 

17  9, '50  ’ 

1. 8316961 

1. 8316961 

3.6633922 

706.75984 

8 3.11 

T5  .,763. 0.2 

* Additional 

weight  (lh)  due 

to  splices  in  these 

items . 
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10.  2.3  Longerons 

TABLE  34  MC-200,  Longeron  Weights 


Apex  Height  At 

Maximum  Radius 

=>  1.11174  ft 

Station 

to 

Station 

Mid 

Station 

Radius 

ft 

Mid  Station 

Apex  Height 
ft 

Mid  Station 

18.38/38. 38 

28.  38 

41.352989 

0.45074758 

38.38/60. 87 

49.625 

S3. 756674 

0.58594774 

60.87/88.  50 

74.685 

64.581673 

0. 70394023 

88.50/121.87 

105.185 

74.622119 

0.81338109 

121.87/158. 38 

140.125 

83.3377356 

0.90881318 

158.38/192.24 

175. 31 

90.054241 

0.98159122 

192.24/229.50 

210. 87 

95.081266 

1.0363857 

229.50/265.85 

247.675 

98.742069 

1.0762885 

265.85/298. 50 

282.175 

100.89978 

1.0998076 

298.50/334.50 

316.50 

101.90342 

1.1107472 

334.50/370. 70 

352.60 

101.92206 

1.1109504 

370.70/404.06 

387. 38 

101.51469 

1.1065101 

404.06/438. 81 

421.435 

100. 76422 

1.0983299 

438.81/475.16 

456.985 

99. 601104 

1.085652 

475.16/508.26 

491. 710 

98.077451 

1.0690442 

508.26/543. 16 

525.710 

96.196943 

1.0485466 

543.16/578. 96 

561.060 

93.808954 

1.0225175 

578. 96/611. 08 

595.020 

91.067472 

0.99263544 

611.08/646. 46 

628.770 

87. 867547 

0.95775626 

646.46/683. 21 

664.835 

83.862747 

0.91410394 

683.21/715.09 

699.150 

79.409028 

0.8655584  ' 

(For  continuation  see  page  248  ) 
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10.2.3  continued 

TABLE  34  MC- 200,  Longeron  Weights 


Cap  Height 
ft 

Mid  Station 

0.40567282 

0 . 52  735296 

0.6335462 

0. 73204298 

0.81793186 

0.88343209 

0.93274713 

0.96865965 

0.98982684 

0.99967248 

0.99985536 

0.99585909 

0.98849691 

0. 9770868 

0.96213978 

0.94369194 

0. 92026575 

0.89337189 

0.  86198063 

0.  82269354 

0.  77900256 


X-Section 
Area  in  * 
Mid  Station 

.49139 

.63877 

.76738 

.88670 

.99073 

1.0701 

1.1298 

1.1733 

1.1989 

1.2109 

1.2110S 

1.2063 

1,1973 

1.1835 

1.1654 

1.1431 

1.1147 

1.0821 

1.0441 

. 99651 

. 94357 


Longeron  Length 
Between  Stations 
in 

330.0 

300.0 
349.8 
413.40 
443.4 

405.0 


Longeron  Volume 
Bctweon  Stations 
in3  ' 

162.16 

191.63 

268.43 

366.56 

439.29 

433.38 


439.2 

496.21 

437.7 

513.56 

388.8 

466. IS 

426.0 

515.83 

427.2 

517.38 

391.2 

471.89 

420.0 

502.88 

428.4 

507.02 

383.4 

446.82 

426.  6 

487.63 

42  7.8 

476.86 

382,8 

414.23 

424.2 

442.90 

438.0 

436.47 

382.8 

361.20 

(Hor  continuation  see  page  249) 

247 


^TURBOMACHINES. 

NAPC- 76238-30 


10.2.3  continued 
TABLE  3 4 continued- 


Apex  Height  At 

Maximum  Radius 

» 1.11174  ft 

Station 

to 

Station 

Mid 

Station 

Radius 

ft 

Mid  Station 

Apex  Height 
ft 

Mid  Station 

715.09/751.64 

733. 365 

74.229863 

0.8091055 

751.64/787. 76 

769. 700 

67.  733179 

0. 73829165 

787. 76/820. 76 

804.260 

60. 305062 

0.65732517 

820. 76/853.08 

836.92 

51.688805 

0.  56340797 

853.08/876.15 

864.615 

42. 462675 

0.46284315 

876.15/898.96 

887. 555 

32.381398 

0.  35295723 

TURBOMACHINES. 

'hu.'.a  .1 

NADC-76238-30 


10.2.3 

TABLE  34 

Cap  Height 
ft 

Mid  Station 

continued 

continued 

X-Section 
Area  in^ 
Mid  Station 

Longeron  Length 
Between  Stations 
in. 

Longeron  Vi 
Between  St, 
in3 

0.72819495 

.88204 

426.0 

375.75 

0.66446248 

. 80484 

454.2 

365.56 

0.59159265 

.71657 

402.0 

288. 06 

0.50706717 

.61418 

399.0 

245.06 

0.41655883 

.50458 

310.2 

156.52 

0.3176615 

. 38478 

303.6 

116.82 

Total  10,466.21  in3 

For  48  502,377.85  in3 

Weight  51,242.54  lb 

25.62  tons 


Added  Splice  Weight: 


Length  of  longeron  « 909.28929 
Total  number  of  splices  ® 2,208 
Total  length  of  splices  = 52,992  in. 

Total  Volume  of  splices  « 52,992  x average  area 

* 50,543.48  in3 

Weight  of  splices  (SO  , 543 . 48)  ( . 102)  - 5,155.44  lb 


Total  weight  - 56,398.00  lb 
28,199  tons 


10.2,1  continued 
10.  2.2  continued 
10.  2.3  continued 


Total  Weight  of  Hull 

Structure 

t 

MC- 

200 

Main  Frames 

60, 

655  . 

00 

lb 

- 30.33 

tons 

Secondary  Frames 

IS, 

763. 

00 

lb 

« 7.88 

tons 

Longerons 

56, 

398. 

00 

lb 

■ 28.20 

tons 

Total 

132, 

816. 

00 

lb 

“ 66.41 

tons 

10.2.1 

TABLE  35  MC-100,  Main  Frame  Weight  Calculations 


Main 

Frame 

Station 

X-Section  Area 
Cap  f)  Feet 
(in2)  ■■ 

X-Section  Area 
Corrugations 

(in.2)  . 

X-Section  Area 
Skin 
in^' 

19.25 

2. 9006906 

3.2385249 

0.60164166 

97.10 

3. 0978113 

3.4586038 

0.64252708 

179. 30 

3. 8030664 

4.2459976 

0.78880631 

262.287 

3.993941 

4.4591028 

4.4591028 

345.20 

3.9255231 

4,3827165 

0.81420544 

425.94 

3.7231001 

4.156718 

0.722203 

516.54 

3. 3670537 

3. 7592039 

0.69837151 

607. 98 

2.9006906 

3.2385249 

0.60164166 

o™ 
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TABL12  33  MC-100,  Main  Frame  Weight  Calculations 

(Continued) 


Main 

Frame 

Station 

Weight  Of 
Frame 

(Less  Anchors) 
(lb) 

19.25 

1,164.5861 

97.10 

3,138.4434 

179. 30 

4,970.4162 

262.287 

5,216.8416 

345. 20 

5,295.6594 

425.94 

4,533. 2937 

516.54 

3,896.0568 

607.98 

2,635.5401 

Total  Woight 
Of  Frame 

(Structure  + Anchor) 
(lb) 


1,693.7861 

3,667.6434 

5,499.6162 

5,746.0416 

5,824.8594 

5,062.4937 

4,425.2568 

3,164.7401 


Caps* 

likl_ 

25. 36189 
69.218224 
103.44979 
112.52197 
110.59442 
97.657628 
81.776351 
56.359753 


*Adtli  tional  weight  (lbs)  due  to  splices, 


19.25 

30.997866 

5.8448797 

62.204635 

l; 452. 00 

97.10 

75. 237206 

13. 732569 

1 58. 18799 

3,163.50 

179. 30 

114.5337 

44.446347 

262.42983 

4,764.52 

262.287 

128.04225 

22.533771 

263.09799 

4,968.84 

345.20 

122.03522 

47.459478 

280. 08911 

5,048.06 

425.94 

108. 50848 

19.505283 

225.67138 

4,372.68 

516.54 

91.589516 

35.279918 

208.64577 

3,831.68 

607.98 

64.  813717 

11.689759 

132.8632 

2,726.72 

Total  30, '32 8 lb 


^Additional  weight  (lbs)  clue  to  splices. 
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TABLE 

36  MC- 100 , Secondary  Frame  Weight 

Calcul  at:  ions 

Secondary 

Frame 

Station 

X- Section  Area 
Cap  5 Feet 
fin2) 

X-Scction  Area 
Corrugat'd,  ons 
(in2) 

Total 

X- Section 

Area'  (in2) 

4 5.50 

0. 270234 

0.315977 

0.586211 

69.80 

0. 318254 

0.377126 

0.690380 

125.25 

0. 398915 

0.466629 

0.  865544 

150. 85 

0.424430 

0.496273 

0.920703 

206.96 

0.458249 

0.535817 

0.994066 

234.62 

0. 465076 

0.543800 

1.008876 

291.15 

0.466170 

0.545079 

1.011249 

316.60 

0.463586 

0.542058 

1.005644 

373. 80 

0.452872 

0.529530 

0.982402 

399.29 

0.445354 

0.520740 

0.966094 

458.  39 

0.423408 

0. 495079 

0.918487 

486. 14 

0.410516 

0.480004 

0.890520 

548. 14 

0.373661 

0.436911 

0. 810572 

577.  29 

0.353202 

0.412989 

0. 766191 

640.09 

0.293337 

0.342991 

0.636328 

667. 99 

0.257420 

0.269495 

0.526915 

692. 56 

0.173101 

0.202401 

0. 375502 

712. 31 

0.117840 

0.137787 

0.255627 

722.29 

0.090209 

0.106480 

0.196689 

.,.{K 

\ 

i 


1'4 


256 


I 

I 

1 
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10.  2. 
TABLE 

'2 

36  ME- 1 00 

, Secondary  Frame  Weight 
(Continued) 

Calculations 

Secondary 

Frame 

Station 

Volume 

(in3) 

Total  Weight 

Of  Frame 
Structure 
(lb) 

Caps* 

(lb) 

45.50 

2,057.6619 

209.88151 

3.1850053 

69.80 

2,853.9175 

291.09958 

4.9880617 

125.25 

4,484.8672 

457.45645 

6.8019683 

150.85 

5,075.796 

517.73119 

10.851171 

206.96 

5,916.9155 

603.52538 

11.957524 

234.62 

6,094.5484 

621.64393 

14.245867 

291.15 

6,123.2383 

624.5703 

14.458125 

316.60 

6,055.5475 

617.66584 

14.492115 

373. 80 

5,778. 8909 

589.44687 

14.411789 

399.29 

5,588.616 

570.03883 

13.638768 

458.39 

5,051.3896 

575.24173 

13.412355 

486.14 

4,748. 4528 

484.34218 

11.928742 

548.14 

3,934. 1283 

401.28108 

11.166711 

577.29 

3,515.1088 

358.54109 

9.4381918 

640.09 

2,424. 5329 

247.30235 

8.5782879 

667.99 

1,867. 1369 

190.44796 

5.6994801 

692.56 

844.28648 

86.11722 

4.5014435 

712. 31 

391.27473 

39.910022 

2.0179825 

722.29 

301.06145 

30  . 70  826  7 

0.915845  _ 

* Additional  Weight  (lbs) 

due  to  splices. 

• 

257 
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10.  2 . 
TAB1.1: 

2 continued 

3 6 MC-100, 

Secondary  Frame  Weight 

Calculations 

Secondary 

Frame 

Cornices* 

Total  Weight 

Of  Splice 

Total  Weigh 

Station 

(lb) 

(lb) 

Of  Frame  (1 

45.50 

3.1850053 

6.3700106 

218.21 

69.  80 

4.9880617 

9.9761234 

303.80 

125.25 

6.8019683 

13.603936 

475.32 

150. 85 

10.851171 

21.702342 

544.31 

206. 96 

11.957524 

23.915048 

633.12 

234.  62 

14.245867 

28.491734 

656.02  ' 

291.15 

14.458125 

28.916250 

659.40 

316. 60 

14.492115 

28.98423 

652.50 

373. 80 

14. 411789 

28.823578 

623.86 

399. 29 

13. 638768 

27.277536 

602.72 

458. 39 

13. 412355 

26.824710 

546.97 

486.14 

11.928742 

23.857484 

512.80 

548.  14 

11.166711 

22.333422 

427.45 

577. 29 

9.4381918 

18.876383 

380.83 

640. 09 

8.5782879 

17.156575 

266.85 

667.99 

5.6994801 

11.398960 

203. 67 

692.56 

4.5014435 

9.002887 

95.98 

712.31 

2.0179825 

4.035965 

44.34 

722.29 

0.915845 

1.831690 

32.83 

7,880.98 


•Additional  weight  (lbs)  due  to  splices. 


TABLE  37  MC-100,  Longeron  Calculations 

Apex  height  at  maximum  radius  = 0.8823877  ft. 
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10.2.1,  10.2.2,  10.2.3  continued 
SUMMARY 


Total  Structure  Weight  For  MOIOO: 
Main  Frames 
Secondary  Frames 
Longerons 
Total 


30.328.00  lb 
7,881.00  lb 

35.428.00  lb 

73.737.00  lb 
36.87  tons 
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10.3  Mill, I,  SKIN  WRIGHT  SUMMARY 

10.3.1  Description . The  weight  summary  as  shown  in 
the  following  tables  is  the  summation  of  the  total  hull  shell 
skin  weight This  hull  skin  consists  of  the  complete  metal 
hull  shell  minus  main  and  secondary  frame  and  longeron^ s ide 
structure.  This  shell,  therefore,  includes  main  frame  base 
and  transition  skin,  secondary  frame  base  skin,  longeron  base 
skin  and  all  adjoining  skin  panels.  For  this  weight  analysis 
the  hull  was  divided  into  ellipsoidal  segments  labeled 
A,  B,  C and  etc.  These  segments  are  located  between  frames. 
Their  widths  contain  the  skin  panels  and  are  the  lengths  of 
the  tapered  longeron  base  skins.  Segment  A (bow  to  main 
frame  No. I ) and  Segment  B-B  (MC-100)  or  D-D  CMC- 200)  which 
are  segments  from  last  frame  to  stern  are  treated  as 
spheroidal  segments  for  surface  area  calculations.  All  other 
segments  were  a ratio  of  ellipsoidal  and  trapezoidal  areas. 
Main  and  secondary  base  and  transition  skin  surface  areas 
were  treated  as  cone  segments  due  to  their  small  angles  and 
minimal  width  compared  to  the  total  hull  perimeter.  Longeron 
base  skin  surface  areas  were  treated  as  trapezoids  with  a 
factor  for  curvature  included  for  their  true  lengths.  All 
joggles  and  their  inherent  overlap  of  skin  were  accounted  for 
on  this  weight  analysis  due  to  skin  thickness  differences 
at  the  joggles.  See  Figure  42  for  graphical  description. 
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FIGURE  4 2 Hull  Skin  Schematic 
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TABLE 

Frame  No. 
And  Hull 
Segment 

38  Weight  Summary  - 

„ ^ 
Frame  Base 

Frame  Skin  Weight 

Stations  lbs 

All  Hull  Skin 

Longeron  Base 
Skin  Weight 
'lbs 

MC-100 

Hull  Skin 
Weight 
lbs 

Bow 

0 

A 

710 

I 

19.25 

1,434 

B 

738 

1,07  7 

1 

4 5.50 

234 

C 

816 

1,494 

2 

69.80 

293 

D 

824 

1,721 

II 

97.10 

2,276 

E 

779 

1,844 

3 

125.25 

376 

F 

84  S 

2,065 

4 

150.85 

459 

G 

■ 946 

2,398 

III 

179.30 

3,157 

H 

913 

2,388 

5 

206.96 

567 

i 

1,182 

3,145 

6 

234.62 

' 580 

J 

1,018 

2,732 

IV 

262.287 

3,840 

K 

1,073 

2,881 

7 

291.15 

583 

L 

1,081 

2,898 

8 

316.60 

579 

M 

1,058 

2,825 

V 

345.20 

3,736 

N 

1,059 

2,798 

9 

373.80 

562 

0 

963 

2,519 

10 

399.29 

493 

P 

865 

2,231 

VI 

425.94 

3,072 

Q 

1,097 

2,773 

n 

458.39 

458 

R 

916 

2,258 

12 

486.14 

38  7 

S 

877 

2,102 

VII 

516.54 

2 ,401 

T 

916 

2,097 

13 

548.14 

■ 338 

U 

811 

1,764 

265 
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TABLE 

38  Weight  Summary, 

All  Hull  Skin 

MC-100 

continued- 

A 

Frame  No. 

Frame  Base 

Longeron  Base 

Hull  Skin 

And  Hull 

Frame 

Skin  Weight 

Skin  Weight 

Weight 

Segment 

Stations 

lbs 

lbs 

lbs 

14 

577.  29 

255 

V 

626 

1,279 

VIII 

607.98 

1,438 

w 

659 

1,207 

IS 

640.09 

170 

X 

550 

883 

16 

667. 99 

12] 

Y 

477 

623 

17 

692.56 

91 

Z 

312 

288 

18 

712.31 

47 

A-A 

164 

84 

19 

722, 29 

29 

B-B 

66 

Stern 

728. 576 

Sub  Total 

27,975 

21,566 

51,149 

Total  = 100 

,690  lbs 

IjS  Includes  base  transition  skin  on  main  frames. 
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TABLE  39  Weight  Summary,  Hull  Skin  MO 200 
continued- 

Frame  No.  Frame  Base  Longeron  Base 

And  Hull  Frame  Skin  Weight  Skin  Weight 
Segment  Stations  lbs lbs 


VII 

14 

15 

VIII 

16 

17 

IX 

18 

19 

20 

D-D 

Stern 


U 

V 

w 

X 

Y 

z 

A- A 
B-B 
C-C 


Sub  Total 


646.46 
683.21 
715. 09 
751.64 

787.76 

820. 76 
853.08 
876.15 
898.  96 
910.462 
917.949 


Total  = 199,794  lbs 


4,444 

612 

508 

2,616 

350 

257 

1,127 

118 

76 


52,453 


1,722 

1,463 

1,319 

1,289 

1,099 

690 

467 

556 

154 


43,116 


Skin  Weight  Summary  For  All  Hulls: 


Mull  Skin 
Weight 
lbs 

4,064 
3,322 
2,855 
2,574 
1,999 
1 ,098 
599 
531 
234 
127 

104,226 


Displacement 

ft3 


Weight  Specific  Weight 
lb  lb/ ft 3 


MC-100 

MC-200 


10(10)6 

20(10)6 


100,690 

199,794 


. 010069 
. 009990 


Volume  Ratio  = 2:1 


Weight  Ratio  = 1.984249:1 


By  extrapolation  of  specific  weights  the  following  hull 
weights  were  determined: 


MC- 125  12.5(10)6 

MO  150  15(10)6 

MC- 1 75  17.5(10)6 


Station 


only 


124,143 
148 ,434 
173,638 


.009931 
.009896 
. 009922 


268 


TABLE  40  Weight  Ox  Seams 
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10.  5 Diaphragm  And 

Cell  Membrane  Weights 

TABLE  41 

MC-100, 

Pi aphragms 

Main  Radius  - 

Hull  Radius  - Loss 

Length  Of 

Volume 

1 Frame  At  Station  Main  Frame 

Cord  in  Net 

Of  Cord 

| Station  ft 

Height,  ft 

in 

in3 

19.25  30.440835 

22.440835 

27,608. 86 

762. 3262 

97.10  62.881176 

54.881176 

67,520.069 

1,864. 3406 

179.30  76.794176 

68.500405 

84 ,275. 746 

2,326.9925 

262.287  80.953 

72.210076 

88,839. 745 

2,453.0121 

345.20  79.667934 

71.059338 

87,423.99 

2,413.9207 

425.94  75.803344 

67.616583 

83,188. 384 

2,296.9687 

516.54  67.859746 

59.859746 

73,645.182 

2,033.4651 

607.98  54.327218 

46.327218 

56,996.172 

1,573.7584 

Weight  of  Membrane j .045072  lb/ft 

2 

TABLE  42 

MC-100, 

Gas  Cell  Membranes 

Station 

Length 

Radius  At 

Area 

to 

Between 

Mid- 

Mid- Station 

Of  Ends 

Station 

Stations 

Station 

ft 

ft 2 

19.25/97.10 

77.85 

58.175 

50.839727 

8,893.3376 

97.  10/179.30 

82.2 

138.20 

71.320465 

17,501.96 

179. 30/262.287 

82.987 

220.7935 

79.933583 

21,984.516 

262. 287/345.20 

82.913 

303.7435 

80.632418 

22,370.606 

345.20/425.94 

80.  74 

385.57 

78.072316 

20,972.61 

425.94/516.54 

90.60 

471.24 

72.  36986  7 

18,020.793 

516. 54/607. 98 

91.44 

562.26 

61. 977411 

13,216.766 

607. 98/728. 576 

120.596 

668.278 

39. 815965 

5,454.7247 

39. 79664 


715.70193 


97.  326424 

121.4788 

14, 741.311 

655 . 16937 

4,280.564 

128.05755 

- 

- 

7,410.5386 

126.01681 

15,863.25 

705.03332 

- 

119.91143 

- 

- 

6,497.7143 

106.15543 

11,256.92 

500.30755 

- 

82.15681 

- 

- 

3,050.1881 

TAB  LB 

42  MC-100,  Gas 

Cell  Membranos  (continued) 

Area 

Of  Sides 
ft2 

Total 

Area 

ft2 

Wei ght 
lb 

13,618, 214 

22,511.551 

1,014.64 

20,171.785 

37,673. 745 

1,698.04 

22 ,824. 312 

44,808.828 

2,019.63  . 

23,003.327 

45,373.933 

2,045.10  . 

21,689.231 

42,661.841 

1 ,922.86 

22,560.272 

40,581.065 

1,829. 08 

19,499.703 

32,716.469 

1 ,474.60  : 

16,521.462 

21,976.186 

990.51  ' 

Total  = 

12  ,994.4  6 

jTURBOMACHINES. 

NADC- 76238-30 


TABJ.n  41 

MC-100,  Diaphragms 

(continued) 

Main 

frame 

Station 

Diaphragm  " 
Weight 
lb 

IV 

Total 
Weight  lb 

19.25 

31.808974 

72.62 

97.10 

190.24728 

291.64 

179.30 

- 

787.19 

262.287 

329.35726 

463.87 

345.20 

- 

842.79 

425.94 

288.78729 

414.47 

516.54 

- 

615.03 

607.98 

135.56391 

220.80 

Total  = 3,708.40  lb 

Total  weight  of  membranes:  16,702.857  lb 

Plus  allowance  for  searns,  adhesives,  etc.  = 5%  » 835.1429  lb 
total  weight:  17,538  lb 


1. 


272 


r 


t 


^TURBOMACHINES, 

NADC- 76238- 30 


10.5 

Diaphragm  and 

Cell  Membrane  Weights 

j; 

b 

TABLE 

43  MC-125,  Di 

nphragms 

■; 

Main 

Frame 

Station 

Radius  - Hull 
At  Station 
ft 

Radius  - Loss 

Main  Frame 

Height ft 

Length  Of 

Cord  in  Net 
in 

•H 

12.26 

25.411296 

17.411296 

21,421.04 

- *» 

100.74 

66.754863 

56.754863 

69,825. 2S8 

193.06 

85.809187 

76.541795 

94,169. 033 

282.54 

87. 204 

77.785968 

95,699. 741 

372.02 

82. 715436 

73.782169 

90,773.877 

460.94 

81. 518334 

72.714354 

89,460.149 

549.26 

73. 893825 

65.893825 

81,068. 882 

li 

639.19 

61.405617 

53.405617 

65,704.695 

725.92 

40.979023 

32.979023 

40,573.946 

. r 

TABLE  44  MC-125,  Cell  Membranes 


Station 

to 

Station 

Length 
Between 
Stations  ft 

Mid- 
St  at  ion 

Radius  At 
Mid-Statioi 
ft 

12.26/100.74 

88.48 

56.5 

52 . 31.9063 

100. 74/193.06 

92.32 

146.9 

76.497757 

193.06/282. 54 

89.48 

237.8 

86.103738 

282.54/372.02 

89,48 

32  7.28 

86. 857398 

372.02/460.94 

88.92 

416.48 

84.046521 

460. 94/549.26 

88.32 

505.10 

78.176583 

549. 26/639. 19 

89.93 

594.225 

68.384468 

639.19/725.92 

86.73 

682.555 

52. 741328 

725.92/784.835 

58.915 

755.3775 

29.424405 

274 


^TURBOMACHINES, 

NADC- 76238-30 


TABLE  43  MC-125,  Diaphragms  (continued) 


Volume 

Of  Cord 
in^ 

Weight 
of  Net 
lb 

Diaphragm  "A" 
(Air)  Area 
ft2 

Diaphragm  "A" 
We i gh  t 
lh 

591.4703 

30. 877238 

- 

- 

1,  927.9907 

100.64922 

- 

- 

2,600.1625 

135.  739-12 

18,405.479 

818.02128 

2,642.4279 

137. 94585 

- 

- 

2,506.4167 

130. 84549 

17,120.228 

760.09901 

2,470.1425 

128. 95183 

- 

- 

2,238.4457 

116. 85628 

13,640.782 

606.25697 

1,814.2151 

94. 709662 

- 

- 

1,120.3136 

58.485084 

- 

- 

TABLE  44 

MC- 125 , Cell 

Membranes  (continued) 

Area 

Of  Ends 
ft2 

Area 

Of  Sides 
ft2 

Total 

Area 
ft 2 

Weight 

lb 

9,381. 1976 

15,865.123 

25,246.320 

1,121.18 

20,055.605 

24,203.  762 

44,259. 367 

1,965.54 

25, 408.696 

26,405.011 

51,813.707 

2,301.02 

25,855.444 

26,636.132 

52,491.576 

2,331.13 

24,209.056 

25,612.83 

49,821.886 

2,212.57 

20,945.549 

23,663.059 

44  ,608.608 

1,981.05 

16,027.040 

21,076.594 

37,103.634 

1,647.75 

9,533.2392 

15,676.849 

25,210.088 

1,119.58 

2,967. 2474 

5,941.1694 

8,908.4168 

395.62 
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TABLE  43  MC-12S,  Diaphragms  (continued) 


Main 

frame 

Station 

Diaphragm  "B" 
Area 
ft" 

Diaphragm  "8" 
Weight 
lb 

i 

Total  Weight 
lb 

12.26 

432,90176 

19.240078 

50.08 

100. 74 

4,599. 7404 

204.4329 

304.84 

193.06 

- 

- 

953.01 

282.54 

8,640.3173 

384.01409 

521.55 

372.02 

- 

- 

890.24 

460.94 

7,550. 3566 

335.5714 

464.16 

549.26 

- 

- 

722.54 

639.19 

4,072. 8746 

181.01664 

275.51 

725.92 

1,553. 1118 

69.02719 

127.41 

Total  = 

4,309.35  lb 

Amended,  total  weight  of  membranes:  19,384.76  lb 
Plus  allowance  for  seams,  adhesives,  etc.  * 5%  - 969.24  lb 
total  weight:  20,354  lb 


1 


pURBOMACHINES, 

NADC-  762  38-  30 _ 

10.5  Diaphragm  And  Cell ' Membrane  Weights 

TABLE  45  MC-150,  Diaphragms 

Main  Radius  - Hull  Radius  - Less  Length  Of 

Frame  At  Station  Main  Frame  Cord  in  Net 

Station  ft Height,  ft  in 


13.03 

27.003727 

19.003727 

23,380.199 

107.06 

70.938142 

62.938142 

77,432.512  U 

205,16 

87. 898905 

78. 405824 

96,462. 332- 

300.25 

92.66875 

82.660525 

101,696.88  ’V.] 

395. 33 

91.18653 

81.338385 

100,070.24  f 1 

489.83 

86.610496 

77.256563 

95,048.401  J'i 

583.68 

78.524476 

70.043833 

86,174.612  JJ 

679.25 

65.253678 

57.253678 

70,438.942  'p‘ 

771.41 

43.547025 

35. 54  7025 

43,733.344  ' j 

TABLE  46 

MC-150,  Cell 

Membranes 

Station 

Length 

i ■ 

Radius  At  ! \ 

to 

Between 

Mid- 

Mid-Station 

Station 

Stations  ft 

Station 

ft 

13.03/107. 06 

94.03 

60.045 

55.599465 

107.06/205. 16 

98. 10 

156.11 

81.292283 

205.16/300.25 

95.09 

252 . 705 

91. 49967 

300.25/395. 33 

95.08 

347 , 79 

92. 300424 

395.33/489.83 

94.  50 

442.58 

89.313393 

489.33/583.68 

94.35 

5 36 .50  5 

83.09692 

583.68/679.  25 

95.57 

631.465 

72.669684 

679.25/771.41 

92.16 

725.33 

56.046224 

771.41/834.02 

62.61 

802 . 715 

31.26843 2 

Q)TURBOMACHINES, 

NADC- 76238- 30 

TABLE  45  MC-150,  Diaphragms  (continued) 


Volume 

Of  Cord 
in  ^ 

Weight  Diaphragm  "A" 

of  Net  (Air)  Area 

lb  ft2 

Diaphragm  "A" 
Weight 
lb 

645.56591 

33. 701257 

- 

- 

2, 138.0395 

111.61465 

- 

- 

2,663.4843 

139.04508 

19,312.856 

858.34914 

2,808.0188 

146.59039 

- 

- 

2,736.1046 

144.24568 

20, 784.565 

923.75843 

2,624.4433 

137.00698 

- 

- 

2,379.4233 

124.2159 

15,413.088 

685.02612 

1,944.9355 

101.53381 

- 

- 

1,207.5498 

63.03918 

- 

- 

TABLE  46 

MC-150,  Cell 

Membranes  (continued) 

Area 

Area 

Total 

Of  Ends 

Of  Sides 

Area 

Weight 

ft2 

ft2 

ft2 

lb 

10,594.479 

17,917.417 

28,511. 896 

1, 267.1953 

22,648. 373 

27,331, 073 

49,979.446 

2,221.3086 

28,693.097 

29,818.978 

58,512.075 

2,600.5366 

29,197. 507 

30.076.773 

59.274. 28 

2,634.4124 

27,338.303 

28,925.893 

56,264. 196 

2,500.6309 

23,665.094 

26,869.847 

50,534.941 

2,245.9973 

18,098.597 

23,801.988 

41,900.585 

1,862 . 2482 

10, 765.422 

17,702. 197 

28,467.619 

1,265.2274 

3,350.816 

6,709.4691 

10,060.285 

Total 

447.12377 

= 17,044.678  lb 
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TABLE  45  MC-150,  Diaphragms  (continued) 


Main 

frame 

Station 

Diaphragm  "B" 
Area 
ft  2 

Diaphragm  "B" 

We ight 
lb  . 

Total 

Weight 

lb 

13.03 

515.70901 

22.92040 

56.621661 

107.06 

5,656.5939 

251.40417 

363.01882 

205.16 

- 

- 

997,39422 

300.25 

8,757.1613 

433.6516 

580.24199 

395.33 

- 

- 

1,068.0041 

489.83 

8,523.1069 

378. 80474 

515.81172 

583.68 

- 

- 

809.24202 

679.25 

4,680.9494 

208.04219 

309.576 

771.41 

1,804.4035 

80. 19571 

143.23489 

Total  a 

4,843.1452  lb 

Total  weight  of  membranes:  21,887.823  lb 

Plus  allowance  for  seams,  adhesives,  etc.=  1,094.3911  lb 
Total  weight:  22,982.214  lb 
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10.5  Diaphragm  And  Dell  Membrane  Weights 
TABLIi  47  MC-175,  Diaphragms 


Main 
Frame 
Stat ion 


13.  72 
112. 70 
215.98 
316.075 
416. 17 
515. 65 
614.45 
715.06 
812.08 


Radius  - Hull 
At  Station 
ft 


Radius  - Less 
Main  Frame 
Height ft 


Length  Of 
Cord  in  Net 
in 


28.43002 

20.43002 

25,134.875 

74.677303 

66.612155 

81,952. 354 

92.533072 

82.539501 

101,547.62 

97.  554 

87.018168 

107,058. 07 

95.993774 

85.626447 

105,345.47 

91. 193518 

81. 344619 

100,077.57 

82.664078 

73.736358 

90,717. 199 

68.693679 

60.  9 36  79 

74,670.905 

45.842709 

33.842709 

41,636.390 

^TURBOMACHINES, 
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TABLE  47 

MC-175,  Diaphragms  (continued) 

Volume 

Of  Cord 
in3 

Weight 

Of  Net 
lb 

Diaphragm  "A" 
(Air)  Area 
ft2 

Diaphragm  "A" 
Weight 
lb 

694.01542 

36.230525 

2,262.8398 

118. 12975 

2,803. 8975 

146.37524 

21,402.945 

951.24199 

2,956.0501 

154. 31825 

2,908. 7624 

151.84963 

23,033.806 

1,023.7247 

2, 763. 3070 

144. 25625 

2,504.8517 

130. 76379 

17,080.997 

759.15541 

2,061. 787 

107.63395 

1,149.6495 

60.016541 

TABLE  48 

MC-175,  Cell  Membranes  (continued) 

Area 

Of  Ends 
ft2 

Area 

Of  Sides 
ft2 

Total 

Area 

ft2 

Weight 

lb 

11,698. 326 

19,782.914 

31,481.24 

1,472.47. 

25,008. 309 

30.181.402 

55,189. 711 

2,588.40 

31,682. 88 

32,923.48 

64,606.36 

3,030.04 

32,239.868 

33,211. 619 

65,451.487 

3,069.67 

30,186.977 

31,939. 39 

62,126.367 

2,913.73 

26,117.581 

29,505.599 

55,623.18 

2,608.73 

19,984.436 

26,282.588 

46,267.024 

2,169.92 

11,887. 01 

19,546.932 

31,433.942 

1,474.25 

3,699.9072 

7,408. 1194 

11,108.026 

520.97  ’ 

Total 

= 19,852.17  lb 
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TABLE  47  MC-17S,  Diaphragms  (continued) 


Main 

Frame 

Station 

13.  72 

112. 70 

215. 98 

316.075 

416.17 

515. 65 

614.45 

715.06 

812.08 


Diaphragm  "B" 
Area 
■ ' ft* 

598.61679 

6,363.8259 


10,860. 034 

9,487. 7271 

5,283. 2143 
1 ,642. 6367 


Diaphragm  ”B" 
Weight 

lb 

26,60519 

282.8367 


482.66817 

421.67675 

234.80952 

73.006074 


Total  Woight 
lb_ 

66.31 

423.12 

1,158.26 

672.18 

1,240.52 

597.20 

939.09 

361.36 

140.37 


Total  = 4,404.01  lb 


Amended  total  weight  of  membranes:  24,256.19  lb 
Plus  allowance  for  seams,  adhesives,  etc.  » 5%  = 1,212.81  lb 
total  weight:  25,469  lb 
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N AJ  2 38.  r_3il 


10.5 

Diaphragm  And 

Cell  Membrane  heights 

TAB  LI- 

49  MC-200, 

Diaphragms 

Main 

Frame 

Station 

Radius  - Hull 
At  Station 
ft 

Radius  - Less 
Main  Frame 
Height,  ft 

18.  38 

33.541274 

25.541274 

121, 87 

79.107889 

70.564237 

229.50 

97.  1 17778 

86.629058 

334.50 

101. 99209 

90.976950 

438. 81 

100.24492 

89.418470 

543. 16 

95.0  75712 

84. 807536 

646.46 

85.983498 

76.697281 

751.64 

71.106589 

63.106589 

853.08 

46.588547 

38.588547 

TAB LB  50 

MC-200,  Cell 

Membranes 

Station 

Length 

to 

Between 

Mid- 

Station 

Stations  ft 

Station 

18.38/121.87 

103.49 

70.1250 

121. 87/229. 50 

107.63 

175.6850 

229.50/334. 50 

105.00 

282.0000 

334. 50/438. 81 

104.31 

386.6550 

438. 81/543, 16 

104.35 

490.9850 

543.16/646.46 

103.30 

594,8100 

646.46/751.64 

105.18 

699.0500 

751.64/853.08 

101.44 

802 . 3600 

853.08/917. 949 

64.869 

885.5145 

Length  Of 
Cord  in  Net 
in 

31,423.  317 

86,814. 870 

106,579. 34 

111,928. 55 

110,011.  IS 

104,338. 33 

94,360. 327 

77,639. 758 

47,475. 319 


Radius  At 
Mid-Station 
ft 

62.821971 
90 . 115693 
100 , 89179 
101.52686 
98. 113291 
91.085856 
79. 423019 
60. 75243 
33.  420875 
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TAB  LI:  40 

MO  200  , 

Diaphragms  (continued) 

Volume 

Weight 

Diaphragm  "A"  Diaphragm  "A 

Of  Cord 

Of  Net 

(Air)  Area  Weight 

in** 

lb 

ft2  lb 

867.64960 

45.294964 

" 

** 

2,307.1019 

125.1388 

- 

- 

2,942. 8314 

153.62818 

23,576.375 

1,047.8388 

3,090.5321 

161.33878 

- 

- 

3,0  37.  5895 

158.57495 

25,119.  114 

1,116.405 

2,880.9536 

150.3979 

- 

- 

2,605.4445 

136.01516 

18,480.  333 

821.3481 

2,143. 7619 

111.91339 

- 

- 

1,310.8719 

68.433029 

“ 

“ 

TABLE 

50  MC-200, 

Cell  Membranes 

(continued) 

Area 

Area 

Total 

Of  Ends 

Of  Sides 

Area 

Weight 

ft2  ft2  ft2  lb 

13,431.826 

22,126.967 

35,558.793 

1,595.47  . 

27,638.394 

33,010.013 

60,648.407 

2,721.21 

34,643.644 

36,054. 301 

70,697.945 

3,172.12 

35,081.152 

36,056.649 

71,137.801 

3,201.95 

32, 761. 791 

34.844. 34 

67,606.131 

3,033.  39 

28,  236.691 

32,023.088 

60,259. 779 

2,703. 77 

21,468.650 

2 8,430. 958 

49,899.608 

2,238.93 

12,561.435 

20,974.172 

33,535.607 

1,504. 70 

3,801.4347 

7,378.4809 

11,179.915 

501. 63 

Total  - 

20,663.08  lb 

TURBOMACHINES, 

.iii.'fti 
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TABLE  49  MC-200,  Diaphragms  (continued) 


Main 

Frame 

Station 


18.38 

121.87 

229.50 

334.50 
438.81 
543.16 
646.46 
751.64 
853.08 


Diaphragm  "B" 
Area 
ft2 


939.32611 

7,169.6936 


11,917. 743 


10,356.194 


5,734.3036 

2,144.1153 


Diaphragm  "B" 
Weight 
lb  • 

41. 747825 

318.65303 


529.67744 


460.27527 


254. 85792 
95.29401 


Total 

Weight 

lb 

87.88 

443.03 

1,212.93 

697.61 

1,287.15 

616.50 

966.50 
370.27 
165 .-29 


Total  » 5,852.16  lb 


Amended  total  weight  of  membranes:'  26,515.24  lb 
Plus  allowance  for  seams,  adhesives,  etc.  = 5%  «=  1 , 32  5 . 76  lb 
total  weight:  27,841  lb 
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10.6  Corrugations . To  properly  determine  the  weight 
of  the  corrugations  uscU  in  the  main  frames,  secondary  frames, 
and  the  longerons,  we  need  to  determine  the  equivalent  cross- 
sectional  area  for  the  corrugation.  A typical  set  of  calcu- 
lations to  determine  the  equivalent  thickness  for  the  longerons 
is  delineated  below.  This  same  method  is  used  for  determining 
the  equivalent  cross-sectional  areas  of  the  main  frame 
corrugations  and  the  secondary  frame  corrugations . 


Longeron  corrugation  development,  refer'  to  above  figure. 
Dimension  "a" 


2 "a" 


Dimension  "b" 

2 "b" 


Dimension  "c" 


2 "c" 


0. 5625  x tan  22° 
(2.2726462) (10)"1  in. 

(4 . 54 52924) (10) “ 3 in. 


0.9375  x tan  22° 
(3.  7877437)  (10)"1 


i n 


Distance  between  tops  of  corrugations 
(7.  5754874)  (10)"1  in. 

0 = (4.0445046)  (10)  " 1 in. 

COS  U Li 

(8.0890092) (10)’1  in. 


Period:  2a  + 2b 

(4. 5452924)  (10) -1  + (7. 5754874) CIO) “ 1 in. 


1,2120779  in. 
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Total  length  of  corrugation  which  covers  period: 

4a  + 2c  1 

4 (2.2726462)  (10)'1  + 2 (4 . 0445046)  (10)  " 1 in  *»  1.7179S94  in. 

Corrugation  material  thickness:  0.018‘in. 

Area:  (1 . 71 79594)  (0 . 03  8)  = (3. 0923269)  (10)  " 2 in,2 

Now  this  area  must  fit  within  the  same  distance  as  the 
period,  (2a  + 2b) . 

Equivalent  material  thickness  is: 

72 126 7^,'1''°')  in.  = (2. 5512608)  (10) “ 2 in.  = 0.026  in. 


290 


^TURBOMACHINES. 


NADC- 76238- 30 


H- 

CO 

LO 

CM 

CM 

CO 

00 

• 

in 

Cl 

01 

rH 

rH 

r- 

rH 

in 

o 

• 

• 

t 

• 

» 

rH 

• 

• 

• 

o 

Cl 

o 

o 

bO 

bO 

O 

M* 

Ol 

to 

cm 

V0CM 

ON 

O CM 

CM  CM 

CM  CM 

♦CM 

CM  CM 

H-  pO 

OlCN 

i 

in  4J 

CM  4-4 

CM  ±-> 

O 4-> 

O H 

bO  H 

CM  4-» 

LO  rH 

+J 

U 

*44 

*44 

*44 

*44 

*4h 

m mh 

*44 

* 

*4h 

X 

00 

CM 

CM 

in 

in 

bO 

b- 

vO 

n 

rH 

O'. 

oo 

00 

* 

LO 

rH 

CM 

M* 

rH 

in 

N. 

> — ^ 

r> 

r- 

Ol 

Ol 

00 

vO 

vO 

• 

vO 

bO 

'Cl* 

m 

L0 

CM 

CM 

o 

rH 

CM 

ml 

• 

* 

• 

• 

* 

• 

• 

• 

t^V  1 

to 

o* 

rH 

rH 

to 

CO 

rH 

CM 

rHj 

000*4 

rH  CM 

rH  CM 

VOCM 

VO  CM 

*CM 

b-CM 

r*-  X 

VOCM 

1 

rH  4-> 

in  4-J 

m 4-> 

in  fj 

in  H 

vO  4-> 

O H 

Ol  rH  ■ 

CM  H 

CJ 

*44 

*44 

*44 

*4h 

*44 

O 44 

*44 

** 

* 4h 

Si 

00 

00 

CO 

in 

m 

CM 

't 

H* 

PM 

01 

CM 

CM 

r- 

r-' 

* 

o 

rH 

o 

H 

H* 

H1 

rH 

in 

t — \ 

rH 

rH 

O 

CM 

CM 

CO 

oo 

in 

in 

• 

n 

CM 

CM 

o 

o 

bO 

tn 

Ol 

M- 

N* 

vO 

O 

• 

» 

• 

• 

• 

in 

• 

• 

• 

in 

CM 

p- 

*t 

Ol 

Cl 

vO 

K) 

CM  rO 

in 

rH 

OlCM 

P)ch 

bO  CM 

Ol  CM 

OCM 

*CM 

K)CM 

Cl  rH 

CM  CM 

1 

is 

oo  p 

00  +j 

O 4-> 

O +j 

01  4H 

OlWIO 

N.  4-J 

U 

*IH 

-P 

**4H 

*44 

*44 

N-  44 

*44 

X 

H* 

vO 

. vD 

O 

o 

00 

N 

00 

oo 

O 

vO 

LTi 

H 

CM 

rH 

K) 

bO 

rH 

*t 

w 

VO 

rs 

V) 

in 

in 

VO 

(3 

vO 

\© 

VO 

bO 

b0 

H* 

Ol 

O 

tn 

O 

Cl 

VO 

VO 

V 

<cfr 

rH 

o 

to 

o 

•H 

in 

• 

• 

• 

« 

• 

* 

• 

• 

• 

P 

CM 

o 

o 

o 

t*-. 

e'- 

r^. 

00 

H* 

Ol 

re 

H 

rH  CM 

in  cm 

in  cm 

bOCM 

en  CM 

OOCM 

OOCM 

rH  HD 

C1CM 

p 1 

i 

•ct  U 

rH  H 

rH  H 

VO  4J 

VO  H 

Ol  H 

r-  JJ  00  r-H 

H H 

3 

CJ 

*<4H 

*44 

*44 

*44 

*44 

*4H 

*P 

* 

*<4H 

U 

in 

X 

r> 

rH 

rH 

VO 

VO 

CM 

rH 

in 

P 

m 

in 

in 

in 

cn 

H 

in 

n) 

c_J 

rd 

bo 

rH 

hO 

tO 

Cl 

to 

VP 

rv 

LO 

•r*1 

Ol 

Cl 

p 

in 

m 

rH 

rH 

CM 

vp 

00 

vO 

rS 

•SI 

r~- 

CM 

CM 

m 

in 

CM 

t- 

oo 

bfl 

o 

• 

• 

• 

• 

• 

• 

• 

• 

» 

•H 

H 

o 

t"- 

r>. 

in 

in 

O 

CM 

VO 

(D 

0> 

rH 

PM  CM 

vOCM 

VO  CM 

l''*fM 

C^fM 

rH  CM 

H*CM 

in  hd 

VOCM 

3s 

W 

1 

O «P 

-H 

M 4-> 

rH  fJ 

ro 

VO  4J 

CM  rH 

vO  *M 

•H 

u 

*44 

*4c 

*4h 

*>  44 

*4h 

*44 

*44 

* 

*4i 

Vi 

X 

0- 

h* 

h- 

vO 

o 

rH 

4> 

dn 

CO 

01 

Ol 

CM 

rH 

CO 

e 

•H 

rH 

CM 

CM 

OO 

tn 

V — J 

p 

3 


5 

i 

i 

i 

1 

(3 

n3 

!>> 

p 

cx* 

rt 

e 

3 

3 

ire 

ire 

p 

c 

re 

re 

•H 

•H 

3 

3 

3 

• H 

a; 

4) 

P! 

o 

O 

o 

03 

rH 

c 

§ 

re 

re 

h 

P 

*3 

3 

eu 

m 

• H 

•H 

re 

V 

o 

p 

tfl 

re 

p 

rH 

ere 

ere 

c3 

V 

W 

P 

S 

m 

rH 

rH 

3 

3 

s 

S 

3 

3 

O 

O 

re 

P 

•rH 

N- 

vH 

O 

p 

h 

,3 

^3 

i — i 

p 

a> 

3 

P 

■ 

CQ 

0 

P 

•H 

Cu 

O 

< 

P 

re 

P 

P 

<U 

P 

P 4) 

re 

re 

tH 

H 

O 

<v 

is 

0 Oi 

o 

re3 

O 4) 

O *3 

Qi 

P 

1 

res 

c 

-ti 

■ H 

reJ 

•H 

M 

(D 

W 

•H 

o 

re  .h 

re 

ire 

re  -h 

re  re 

re 

re 

6 

re 

4J 

re 

o 

<y  ire 

<D 

p 

O re 

0)  P 

p 

D 

• H 

re 

3 

0) 

3 £3 

h 

3 

P 3 

P 3 

0 

p 

P 

P 

< 

•H 

ire 

< P 

< 

0 

< 'H 

<;  o 

H 

C 

Pi 

< 

29 .1 


Weight  - primer  only  6,135.3533  7,075.9295  8,016.468  8,957.0811  9,897.6571 

on  total  area  lb  lb  lb  lb  lb 
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10.8  Structure  Weight 
TABLK  52  Summary-  Weight 


Hull 

Main 

Frame 

Secondary 

Frame 

Longeron 

Total 

MC- 200 

60,655 

15,763 

56,39  8 

132 ,816 

MC- 175 

53,073 

13,792 

51  ,59  4 

118,459 

MC- 1 50 

45,492 

11  ,822 

46,556 

103,871 

MC- 125 

37,910 

9,852 

41,227 

■88,989 

MC- 100 

30,328 

7,881 

35,528 

73,737 

2 


100 

Pounds 
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10.9  Gra  ph  i t e Fibre  I-poxy  Composites  , 'l1  h i s m a t.  e r i a 1 

has  boon  dcvelopeir~Fy_  the  aerospace  In  dust  r y and  is  being  used 
on  a large  scale  in  the  space  shuttle  vohicle  for  making 
1,500  sq,  ft.  cargo  compartment  doors.  Weight  saving  of 
25%  over  an  equivalent  structure  made  of  alluminum  alloy  is 
obtained.  This  is  the  most  extensive  application  of  a com- 
posite material  yet  undertaken  in  the  industry. 

The  technology  of  design,  fabrication  and  available  facilities 
for  large  unit  structures  are  developed  for  immediate  use- 
fulness . 

The  prospects  for  using  this  material  and  technology  are 
good.  To  start  with:  in  the  weight  load  supporting  and 
gathering  structures,  floors,  containers,  doors,  tanks, 
thrustor  enclosures,  etc.,  all  of  them  outside  the  scope  of 
this  study.  It  may  be  possible  to  consider  the  graphite 
composites  also  in  primary  structures,  particulary  the  main 
frames,  with  high  prospective  weight  reductions.  The  metal- 
clad  cellular  structures  are  suitable  for  such  a conversion; 
however,  design  and  experimental  work  needs  to  be  done  before 
such  an  important  commitment  could  be  made  with  confidence. 

It  deserves  to  be  considered. 

The  possibility  of  the  use  of  graphite  composites  for  hull 
skin  is  not  clear  at  this  time.  The  graphite  comnosites  are 
need  to  be  experimentally . investigated  for  use  as  skin  for 
Metalclad  hull  structures,  subject  to  deep,  elastic  type 
of  local  buckling,  .if  the  material  is  a tnin  sheet.  The 
strength/weight  ratio  of  graphite  composites  with  respect  to 
high  strength  aluminum  alloys  are  approximately  2 to  1.  To 
thke  advantage  of  this,  the  skin  gages  would  be  thinner  than 
metal  sheets;  the  metal  skin  is  already  thin  and  further 
reduction  of  gage  would  not  be  desirable  with  a material 
that  is  more  brittle  than  metal.  These  comments  are  not 
conclusive  and  point  out  the  need  to  learn  more  about  the 
use  of  graphite  composites  for  primary  structures  in  metal- 
clad hulls. 
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11.  METHOD  OF  CONSTRUCTION 

11.1  DESCRIPTION 

The  Metalclad  hull  construction  is  a departure  from  the  erec- 
tion methods  used  in  skeletal  rigid  hulls.  This  is  the  inevi- 
table consequence  of  general  advances  of  technology,  experience 
with  the  ZMC-2  airship  fabrication  and  principally  it  is  in- 
evitable due  to  the  nature  of  Metalclad  hull  structure;  the 
latter  can  be  stated  concisely  as  follows: 

1.  The  Metalclad  hull  is  an  integrated  structure,  as 
a whole  and  also  locally;  all  girders,  internal  as 
well  as  external,  are  directly  attached  to  the  skin 
and  follow  everywhere  the  transverse  as  well  as 
longitudinal  curvature  of  the  hull. 

2.  Metalclad  girders,  all  frames  and  longerons,  are 
continuous  shear  web  cellular  structures,  without 

■ explicit  joints  and  are  attached  to  the  skin  by 
seams  and  joined  by  seam  splices. 

3.  The  Metalclad  structure  is  relatively  simple  to 
construct  and  is  suitable  for  rapid  assembly  during 
subassembly  as  well  as  into  a hull  structure. 

The  time  required  for  constructing  a Metalclad  hull  is  expected 
to  be  shortened  with  respect  to  past  experiences. 

The  method  of  assembly  of  hulls  is  illustrated  by  two  artists' 
sketches  (see  Appendix  N) . The  frames  are  to  be  assembled  in 
horizontal  position,  braced  by  radial  cables  between  network 
joints  (nesting  inside  the  frames)  for  the  maintenance  of  cir- 
cularity and  positioned  in  a vertical  attitude  of  assembly  on 
rig  belts  with  air  cushions.  Two  main  frames  will  be  connected 
by  light  jury  structure  into  exact  mutual  positions,  ready  for 
the  installation  of  longerons  and  secondary  frames.  During 
this  installation,  the  hull  section  can  be  rotated  to  conven- 
ient positions,  with  air  cushions  monitored  for  pressure  to 
adjust  for  adequate  support. 

With  a few  longerons  and  segments  of  secondary  frames  in- 
stalled, the  skin  panels  will  be  brought  into  place  on  suction 
plattens  and  held  to  the  base  skin  of  the  main  and  secondary 
frames  and  longerons  for  setting  of  the  seam  bond  material  and 
riveting. 

Progressively,  all  skin  panels  will  be  installed  around  the 
hull  perimeter,  working  on  both  sides  of  the  hull  on  elevated 
platforms,  providing  the  most  convenient  approach  to  the  woTk. 
As  the  circumference  is  clad  with  more  skin  panels,  the  jury 
structure  can  be  successively  removed,  because  the  hull  is 
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becoming  increasingly  self-supporting  on  the  belts. 

At  some  tim„  during  this  progressive  assembly,'  additional  main 
frames  may  be  set  up  on  their  own  cushioned  belts  and  assembly 
of  adjacent  bays  initiated,  at  least  with  jury  structure.  The 
bow  and  stern  will  be  constructed  in  vertical  attitude,  and 
when  structurally  complete,  brought  onto  the  assembly  rig  and 
spliced  onto  the  rest  of  the  hull. 

This  in  brief  is  the  erection  process  for  the  primary  struc- 
ture. Many  details,  for  instance  the  installation  of  controls 
and  electrical  systems,  etc.,  can  commence  at  some  early  period 
of  the  erection.  This  method  of  construction  is  convenient  and 
promises  to  be  a rapid  assembly  system.  Belt  rigs  are  required; 
approximately  four  adjustable  for  different  hull  diameters. 

All  rigs  will  traverse  on  assembly  line  rails.  The  hull,  once 
erected  in  a given  section,  is  self-supporting  and  will  only 
require  a belt  rig  at  every  other  main  frame.  The  belt  rig 
assembly  should  result  in  Metalclad  hulls  of  high  precision, 
local  as  well  as  overall.  The  surface  of  Metalclad  hulls  will 
be  held  to  nearly  exact  curvatures  everywhere,  and  the  drag 
coefficients  of  these  hulls  should  be  nearly  the  same  as  ob- 
tained in  wind  tunnel  testing. 

The  capital  cost  of  the  belted  rigs  would  be  amortized  by  in- 
definite use  for  constructing  other  hulls  and  hulls  of  differ- 
ent sizes. 
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12.  EVALUATION  OF  STUDY  & COMMENTS 

The  study  described  in  this  report  has  confirmed  the  soundness 
of  the  structural  concepts  used  in  Metalclad  airships.  Metal- 
clad  principles  have  never  been  in  doubt,  but  there  have  been 
some  uncertainties  regarding  the  technology  to  make  them  real- 
istically feasible.  These  uncertainties  have  now  been  evalu- 
ated again  and  indicate  a capability  of  construction  which  is 
very  reasonable  in  its  approach. 

The  value  of  this  report  is  perhaps  enhanced  by  the  inclusion 
of  material  as  it  was  being  prepared;  in  the  Apendices  the 
evolution  of  thinking  is  recorded  through  this  process  as  it 
has  developed,  searching  for  a deeper  understanding  of  Metal- 
clad  structures  in  large  hulls  than  existed  before.  A firmer 
base  of  knowledge  has  been  established  for  continuing  this 
work  into  deeper  detail  and  perfection  which  undoubtedly  can 
still  be  attained. 

The  required  technology  has  now  been  either  developed  to  the 
state  of  dependable  application  or  is  approaching  the  end  of 
complete  development  and  will  be  available  when  needed.  For 
example,  hull  shell  structures  can  now  be  constructed  from 
high-strength  light  alloys  with  means  for  joining  them  as  thin 
sheets  by  efficient,  strong  seam  joints.  The  seam  joint 
emerges  as  one  of  the  most  determining  and  basic  elements  of 
Motaiclad  construction . A riveted  seam  with  a sealant  alone, 
of  the  ZMC-2  vintage,  successful  as  it  was,  is  no  longer  ade- 
quate. 

Structural  continuity  and  a high  degree  of  redundancy  is  in- 
herent to  Metcilclad  hulls;  every  element  of  tho  shell  structure 
works  with  the  skin  as  well  as  the  skin  working  with  the  struc- 
ture; there  is  no  separation  of  duties.  The  redundancy  in- 
cludes an  insensitivity  to  local  damage  from  human  contact; 
Metalclad  structures  are  highly  invulnerable  to  incidental  dam- 
age and  will  continue  to  function  dependably  even  if  locally 
damaged. 

A study  of  the  interaction  of  the  skin  and  structure  in  Metal- 
clad hulls  was  given  considerable  effort  and  much  knowledge 
was  gained  together  with  a better  understanding  of  the  subject 
matter.  The  problem  was  analyzed  by  computer  and  reassuring 
results  were  obtained  after  initial  problems  of  getting  the 
computer  to  respond  constructively.  More  work  is  required  on 
this  subject,  although  it  is  now  completely  understood.  At 
this  time,  it  has  boon  determined  that  the  skin  and  the  struc- 
ture always  work  together  without  overstressing.  Where  ten- 
dencies to  higher  local  stresses  arise,  especially  in  longerons 
at  main  frame  intersections,  cornice  doublers  will  be  used  to 
control  local  stress  levels. 
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In  view  of  the  above  items,  the  Poisson's  ratio  has  an  impor- 
tant function  in  Metalclad  hulls  due  to  large  dimensions  of  the 
hull  shells;  this  effect  has  not  been  recognized  until  now;  its 
influence  on  reducing  the  radial  elastic  deformations  of  the 
skin  is  significant.  Poisson's  ratio  was  not  included  in  the 
computer  programs,  thus  making  the  results  conservative.  The 
structure,  such  as  frames  and  longerons,  is  not  significantly 
affected  by  Poisson's  ratio,  and  this  fact  is  notable  in  bring- 
ing all  radial  elastic  deformations  of  the  skin  and  of  the 
structure  closer  together,  in  addition  to  the  elastic  means 
provided  for  this  purpose  at  all  skin-structure  interfaces,  as 
described  in  this  report. 

Furthermore,  Metalclad  structures,  as  proposed  in  this  report, 
ai'.einherently  responsive  to  forces  from  the  skin,  thus  still 
further  reducing  all  relative  deformations  of  the  skin- 
structure  assembly.  The  work  already  accomplished  and  reported 
in  this  volume,  assures  that  this  is  not  a design  problem  but 
rather  a design  condition  that  can  be  always  satisfactorily  re- 
solved and  provided  for  without  weight  increase,  because  the 
thicker  skin  base  of  all  Metalclad  structures  is  actually  a 
necessary  part  of  the  weight  of  the  structure  itself. 

Closely  related  to  skin  seam  strength  and  to  interface  deforma- 
tions of  structures  and  skin,  is  the  hull  air  supercharge  pres- 
sure. In  all  past  projects  of  large  Metalclad  hulls,  the  maxi- 
mum allowable  pressure  had  to  be,  and  always  was,  low.  The 
state  of  Metalclad  technology  of  45  years  ago  was  then  a cause 
for  concern  in  large  Metalclad  airships  of  the  future.  It  was 
brought  about  not  only  because  the  air  pressure  had  to  be  low 
due  to  low  values  of  attainable  hoop  stresses  and  therefore 
sensitive  to  control,  but  also  because  it  was  not  possible  to 
provide  sufficient  tension  in  the  longitudinal  direction  of 
the  skin  to  resist  imposed  hull  moments  without  relying  on 
longerons  to  prevent  the  appearance  of  wrinkles  in  the  skin 
while  in  flight.  This  problem  is  now  completely  resolved  and 
this  study  report  shows  that  the  hull  pressure  can  always  be 
confortably  high  within  the  factor  of  safety  of  two  with  re- 
spect to  the  ultimate  strength  of  metal,  and  the  range  of  pres- 
sure variation  can  be  broad  without  losing  tension  in  the  skin, 
even  under  the  most  severe  imposed  moments  on  the  hull.  The 
supercharge  air  pressure  in  all  studied  hulls  is  substantially 
a constant  value. 

Although  air  pressure  control  will  be  inherently  sensitive, 
thanks  to  modern  instrumentation,  there  is  no  specific  condi- 
tion that  is  must  be  held  steady  within  narrow  limits.  The  , 
reason  for  this  must  be  credited  once  more  to  the  high  effi- 
ciency of  skin  seam  joints  which  permit  high  hoop  stresses  and 
therefore  relatively  high  air  pressure,  and  to  higher  specific 
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strengths  of  modern  light  alloy  metals,  .such 
as  the  Alclad  7050-T76. 

The  Metalclad  cellular  structures,  main  and  secondary  frames 
as  well  as  longerons,  are  capable  of  supporting  high  compres- 
sive stresses  in  their  cornices  and  have  a pragmatic  quality 
of  being  easy  to  fabricate  due  to  their  simplicity  and  absence 
of  complex  skeletal  joints.  They  are  composed  of  few  basic 
components,  which  themselves  are  also  simple,  the  frames  being 
continuous  circular  beams  and  the  longerons  continuous  columns, 
all  derivatives  of  the  Wagner-Timoshenko ( w)  shear  web  struc- 
tural principles.  All  structures  are  of  uniform  architecture 
which  will  result  in  only  a small  amount  of  waste-  during 
fabrication. 

Metalclad  hull  structures  occupy  a relatively  small  irreducible 
volume  of  air  space  not  available  for  lifting  gas.  In  com- 
pleted airship  hull,  most  of  the  air  space  needed  for  load 
carrying  structure  and  for  habitation,  will  be  at  the  bottom  of 
the  hull  and  will,  therefore,  not  reduce  lift  of  the  hulls,  but 
rather  lower  their  maximum  ceiling  altitude.  The  Metalclad 
hulls  studied  in  this  report  have  the  least  known  air  volume 
displaced  by  lifting  structure  within  a hull,  as  compared  with 
all  historical  rigid  airships.  This  is  a valuable  asset  for 
the  economy  of  airship  operation,  and  the  study  shows  that  this 
can  be  attained  in  Metalclad  hulls  without  effort. 

Metalclad  hulls  can  be  constructed  on  a "production"  basis  as 
described  in  the  report.  This  is  as  important  a consideration 
as  the  validity  of  Metalclad  construction  itself.  Economical 
and  rapid  construction  of  Metalclad  hulls  must  be  attained  if 
they  are  to  be  considered  for  military  and  civilian  transport 
purposes.  This  study  reveals  and  illustrates  that  this  can  be 
achieved  and  that  the  cost  of  the  Metalclad  hulls  of  this  re- 
port will  be  favorable  to  their  prospects  of  assuming  an  im- 
portant role  in  national  air  power. 

The  purpose  of  this  report  was  to  reliably  determine  the  Lambda 
(A)  coefficient  (A=  dead  weight  of  a hull/gross  displacement 
lift) . In  the  course  of  preparatory  work,  the  study  had  to 
also  enter  into: 

1.  The  exploration  of  the  strength  of  skin 
seams . 

2.  The  interaction  of  structure  and  hull 
shell  skin. 

3.  The  analysis  of  hull  air  pressure. 

4.  The  concept  of  Metalclad  cellular, 
continuous  structures. 


w • See  Reference  page  308. 
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5.  The  methods  of  fabrication  and  assembly 
of  Metalclad  hulls. 

The  weight  of  hulls  and  the  parameter  A.  is  still  the  most  im- 
portant fundamental  value  of  merit  and  it  is  discussed  last  to 
accent  its  dominance.  The  dead  weight  of  a hull  is  the  summa- 
tion of  all  weights  that  are  needed  for  a hull  to  be  capable 
of  lifting  equilibrium  weight  loads,  including  its  own  weight, 
in  flight  at  100-knot  air  speed,  with  adequate  strength  to 
withstand  the  most  severe  bending  moments  at  this  speed. 


Each  hull  weight  is 

itemized  as  the  sum 

of : 

1. 

Total 

weight 

of 

skin. 

2. 

Total 

weight 

of 

seams . 

3. 

Total 

weight 

of 

main  frames. 

4. 

Total 

weight 

of 

secondary 

frames. 

5. 

Total 

weight 

of 

longerons . 

6. 

Total 

frame 

weight  of  cell  membrames  and 
diaphragms. 

7. 

Total 

weight 

of 

paint  and 

primer. 

The  summation  of  these  component  weights  is  the  total  hull 
weight  for  containment  of  lifting  gas,  of  air  space  for  dila- 
tion and  of  structure  strong  enough  to  resist  maximum  flight 
forces  and  moments.  Not  included  in  the  total  hull  weight  are: 

1.  Weight  of  air  and  gas  valves. 

2.  Weight  of  controls  and  instrumentation  relating 
to  pressure,  lift,  strain,  etc. 

3.  Weight  of  terminals  for  mooring,  handling 
near  ground,  etc. 

4.  Weight  of  bow  mooring  structure,  winch,  cone 
anchor  and  equipment. 

All  these  latter  weights  are  excluded  for  reasons  of  having  no 
direct  relation  to  the  weight  of  the  lifting  structure,  all 
being  in  the  category  of  equipment.  Similarly  no  weight  sup- 
porting structure  is  considered  between  the  main  frames,  al- 
though main  frames  are  included  as  capable  of  supporting  weight 
loads  equal  to  the  local  net  lift  of  the  hull. 
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Two  secondary  frames  are  used  between  any  two  adjacent  main 
frames,  principally  to  stabilize  the  longerons  in  deflated 
hulls  by  holding  the  hull  to  circular  transverse  curvature, 

This  design  concept  was  used  50  years  ago  in  proposals  of 
large  Metalclad  hulls.  In  preparatory  work  for  this  report, 
it  was  noted  time  and  again  how  much  stability  the  skin  and 
the  hull  longitudinal  curvature  impart  to  the  longerons  when 
the  hull  is  deflated.  Experience  with  the  ZMC-2  airship  con- 
firms this.  Before  the  final  design  of  a hull  is  set,  it 
would  be  valuable  to  carry  out  an  analytical  and  experimental 
model  investigation  with  only  one  secondary  frame  between  two 
main  frames.  Even  if  the  single  secondary  frame  would  have  to 
be  deeper,  the  reduction  of  the  cost  of  construction  and 
weight  would  be  noticeable. 

The  stability  of  skin  shear  panels  between  two  longerons  and 
two  adjacent  frames,  on  either  a deflated  or  an  inflated  hull, 
is  almost  completely  unaffected  by  the  distance  between  frames 
with  constant  longeron  spacing;  therefore,  lengthening  the 
frame  spacing  would  be  of  little  adverse  influence. 

There  is  no  structure  in  the  studied  hulls  not  directly  re- 
quired for  the  containment  of  gas  and  air.  In  actual  airship 
hulls,  weight  load  supporting  structure  will  be  necessary  lon- 
gitudinally along  peripheral  station  number  0°;  this  structure 
will  contribute  significantly  to  the  strength  of  deflated 
hulls  with  the  prospect  of  eliminating  at  least  three  longerons 
along  the  bottom  of  the  hulls,  the  skin  to  be  supported  (in  de- 
flated state)  by  local  internal  structure. 

The  hulls  have  large  diameters  at  the  fineness  ratio  of  4.5, 
and  it  is  desirable  to  provide  an  internal  inverted  triangular 
section  corridor  on  top  and  inside  the  hull  between  main  frames, 
to  reduce  the  distance  of  travel  for  the  crew  on  inspection 
missions  as  well  as  to  provide  space  for  inflation  ducts  to  the 
cells,  for  valves,  etc.  Such  a corridor  would  reduce  by  its 
presence,  the  need  for  at  least  one,  possibly  two  longerons  at 
the  top,  while  significantly  relieving  the  longerons  from  loads 
during  deflated  flight,  if  that  condition  should  arise.  The 
analysis  shows  that  the  longerons  are  stable  and  strong  enough 
to  support  all  loads  during  construction  and  during  flight 
without  pressure  in  the  hull.  The  analysis  for  the  complete 
loss  of  air  as  well  as  gas  pressure  during  flight  has  been  ex- 
plored and  found  satisfactory,  without  dumping  of  fuel  to  com- 
pensate for  the  loss  of  lift,  under  the  assumption  that  lifting 
thrustors  would  be  used  (partially)  in  such  an  emergency. 

In  addition  to  promising  potential  weight  reductions  of  com- 
plete hull  lift  structures,  two  useful  contributions  to  the 
lift  of  Metalclad  hulls  are  pointed  out  in  the  report. 
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One  is  the  very  small  volume  of  air  contained 
in  the  internal  (main  frame)  structures  as  noted  already,  only 
one  percent  of  the  gross  displacement  volume  in  MC-200,  in- 
creasing to  almost  two  percent  in  MC-lOO;  this  is  the  lowest 
nonlifting  volume  in  rigid  airships,  disregarding  the  volume 
for  habitation  and  convenience.  The  second  is  the  means  for 
inflation  of  cells  with  high  purity  gas  and  with  minimal  air 
contamination  by  evacuation  of  cell  volumes  which  will  draw 
the  membranes  tightly  against  the  inner  top  wall  of  the  hulls 
with  only  small  volumes  of  air  possibly  trapped  in  incidental 
folds  of  membranes  against  the  metal  surface  of  the  hulls. 

The  hulls  were  evaluated  for  two  ceiling  altitudes,  5,000  ft. 
and  10,000  ft.,  respectively.  These  are  limit  ceilings,  the 
former  expected  to  be  the  limit  for  transoceanic  trips  and  the 
latter  for  overland  flights;  the  hulls  will  weigh  the  same  for 
both  altitudes  and  generally  will  be  flown  at  lower  levels. 

The  nonavailability  of  light  weight  membrane  materials  with 
high  impermeability  is  a problem,  although  through  fifty  years 
the  progress  in  this  technology  has  been  impressive;  the  pres- 
ent specific  weights  are  three  times  better  than  they  were  for 
nonrigid  hulls,  but  for  rigid  airships,  these  fabrics  are  too 
heavy  and  not  adequate.  Materials  for  this  purpose  are  avail- 
able, but  the  art  of  making  light  membranes  from  them  is 
being  developed.  The  membrane  fabric  used  in  the  weight 
statement  of  this  report  is  for  envelopes  of  fabric  hulls. 

For  Metalclad  hulls  there  is  needed  a light  membrane  material, 

preferably  synthetic.  

' . ” ' it  appears  logical  that  the  impervious  mate- 

rial should  be  impregnated  into  the  structural  fabric  base, 
instead  of  laminating  it  as  an  additional  layer.  Perhaps  for 
Metalclad  hulls,  the  basic  fabric  could  be  a closely-woven 
mesh  with  small  spacing  of  threads  and  the  impervious  material 
made  to  function  also  structurally.  Metalclad  hulls  are  pro- 
tective of  membranes  in  at  least  two  respects;  one  is  shield- 
ing against  ultraviolet  radiation  (inside  the  gas  and  air  vol- 
umes of  Metalclad  hulls  is  absolute  darkness),  and  the  second 
is  the  internal  smoothness  of  the  Metalclad  hull  structure, 
protecting  membranes  from  abrasion  and  scuffing. 

Membranes  of  Metalclad  hull  cells  are  not  loaded  by  high 
stresses,  compared  to  the  strength  requirements  of  envelope 
fabrics  for  nonrigid  hulls.  With  this  in  mind,  the  cell  mem- 
granes  will  have  to  be  specifically  developed  for  this  purpose, 
resulting  in  low  weight  (not  more  than  4.32  oz./yd^)*  impervi- 
ous membranes  with  long-time  durability  under  the  conditions 
of  use  in  Metalclad  hulls.  This  inadequacy  has  motivated  the 
group  responsible  for  this  report  to  be  aware  of  this  need  and 
give  attention  to  it,  because  it  should  be  resolved  before  ■ 
actual  Metalclad  hulls  are  constructed. 

* Weight  shown  is  for  type  of  Polyurethane  Butyl 
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Dimensions,  weights,  significant  parameters  and  characteris- 
tics of  all  hulls  are  noted  in  the  report  and  tabulated  in 
Section  1.3,  with  selected  values  plotted  on  graphs. 

All  calculated  weights  are  tabulated  in  Section  10.  Main 
frame  total  weights  have  been  "adjusted"  to  reflect  a 20% 
reduction  in  weight  to  coincide  with  the  conclusion  outlined 
in  Section  3,  that  the  frame  analysis  was  too  conservative 
and  therefore,  the  frames  wore  overweight.  The  adjusted 
weights  on  the  main  frames,  as  well  as  total  weights  on 
secondary  frames,  membranes  and  diaphragms,  have  also  been 
factored,  to  reflect  a smoothing  out  of  weight  calculation 
extrapolation  curves  using  MC-150  as  a base. 

Lambda  (A)  coefficients  for  all  hulls  are  shown  in  Section  1.3 
The  curves  show,  as  they  are  expected,  that  Lamd.a  decreases 
with  hull  size,  however,  this  decrease  is  relatively  small 
in  the  range  of  hull  sizes  studied  (.294  for  MC-100  verses 
.276  for  MC-200).  A small  effect  due  to  a detail  design 
assumption  can  influence  the  result  in  as  close  a relationship 
as  Lambda  is,  in  this  hull  size  range. 

Throughout  the  report,  there  are  noted  instances  of  conserva- 
tive detail  assumptions  in  methods  of  analysis;  in  consequence 
the  hull  weights,  as  computed  are  also  conservative.  The  skin 
is  overweight  due  to  the  use  of  the  next  higher  standard  sheet 
thickness  gages.  It  can  bo  confidently  stated  that  in  the 
course  of  final  design,  more  weight  will  be  taken  out  of  the 
hulls  as  specified  in  this  report  than  will  have  to  be  added 
to  them.  At  this  time,  it  is  not  possible  to  certify  a speci- 
fic figure  expressing  the  conservatism  of  this  weight  study; 
it  is  expected  that  approximately  four  percent  of  the  weight 
of  skin  in  all  hulls  is  overweight  and  approximately  five  per- 
cent of  the  weight  of  the  structure,  specifically  of  the  main 
frames  can  he  saved  due  to  more  precise  frame  analysis  in  all 
hulls. 


With  respect  to  th 
only  standard  shee 
Considerable  exces 
tation,  due  to  the 
steps  of  0.002  in. 
0.024  in.  to  0.012 
dard  gages  decline 
ance  is  +_  0.0003  .i. 
cial  to  Me talc lad 
0.026  in.  down  to 
with  the  current  t 


e skin,  it  is  pointed  out  in  Section  7 that 
t gages  are  used  in  the  hull  skin  analysis, 
s weight  is  built  into  the  skin  by  this  limi 
standard  gages  progressing  in  thickness  in 
within  the  whole  range  of  used  gages,  from 
in.  below  this  latter  thickness,  the  st.an- 
in  steps  of  0.001  in.  The  thickness  toler- 
n.  for  all  above  gages.  It  would  be  benefi- 
hull  construction  to  make  all  gages,  from 
0.012  in.  also  decline  in  steps  of  0.001  in. 
olerance. 
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Talcing  for  granted  that  at  least  four  percent  of  the  weight  of 
skin  can  bo  reduced  by  closer  differentiation  of  skin  gages  as 
noted  above  unci  five  percent  saved  on  the  structure  by  more 
rational  and  dotailed  analysis,  and  a' membrane  weight  of 
4.32  oz/ycl2,  the  weight  parameter  Lambda  can  be  expected  to 
be  equal  to.  2687,  for  the  MO  200  hull. 

During  the  review  period  of  the  final  report,  an  important 
fact  was  found  .in  the  examination  of  old  pictures  of  the 
ZMC- 2 deflated  hull.  It  is  evident  that  elastic  buckles  in 
the  hull  skin  are  approximately  uniform  all  over  the  almost 
full  length  of  the  hull  regardless  of  the  spacing  of  longerons 
Apparently,  where  the  appearance  of  the  critical  buckling 
stress  is  earlier  at  midsection  than  toward,  either  the  bow 
or  stern,  due  to  the  wider  spacing  of  longerons,  the  severity 
of  buckling  is  approximately  uniform  almost  everywhere  on 
the  hull  surface. 

The  maximum  hull  pressures  in  this  report  were  found  to  be 
unnecessarily  high,  approximately  15  - 16  inches  of  water. 

The  ratio  of  the  maximum-minimum  pressure  camo  out  to  be  over 
six.  New  computations  were  carried  out  for  MC-200  and  are 
typical  also  for  other  hulls,  based  on  maximum  skin  thickness 
of  t = .015  in  place. of  .024  (a  reduction  of  37.5%  in  MC-200 
and  less  in  smaller  hull  sizes).  The  new  corresponding  hull 
pressure  would  he  8.75  inches  of  water  in  place  of  15.54 
inches.  The  minimum  hull  pressure,  before  the  skin  would 
commence  to  buckle  under  the  severest  gust  moment,  is  approx- 
imately the  same,  viz.,  2.19  - 2.43  inches  of  water.  The 
ratio  of  maximum- minimum  hull  pressure  would  be  3.5,  compared 
to  6.3  as  noted  in  the  report.  The  possible  weight  reduction 
of  the  skin  is  approximately  37.5%,  resulting  in  a Lambda 
factor  of  X “ .244,  compared  to  the  previously  calculated 
X = .276  before . 
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mprovement  of  the  structural  merit  of 
deserves  attention  in  the  future  determin- 
n parameters,  with  the  back-up  support  of 
This  gain  will  be  progressively  less  in 
it  will  always  be  significant.  Final 
that  the  hull  pressures  derived  in  this 
sarilv  over  designed  and  that  the  new 
1 give  the  hull  equivalent  strength  without 
controls  that  are  too  sensitive. 


For  the  sake  of  interest,  thrust  power  was  also  determined  for 
all  hulls  and  tabulated  in  Section  1.3.  Thrust  powers,  even 
at  100  knots,  are  low  as  is  to  be  expected  with  energy-conserv- 
ing airships.  If  propelled  by  compound  gas-steam  turbine 
power  plants  of  variable  air  density  in  the  cyclic  circuit, 
constant  power  output  could  be  maintained  to  maximum  ceiling 
due  to  the  nature  of  these  power  plants.  The  speed  then  would 
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rise  from  100  knots  at  sea  level,  to  135  knots  at  10,000  ft. 
altitude  and  to  116  knots  at  5,000  ft.  altitude.  At  these 
speeds  and  altitudes,  the  hulls  would  not  be  subjected  to 
higher  loads  ^han  when  traveling  at  100  knots  at  sea  level. 


The  work  on  this  report  has  led  to  n deep  conviction,  by  all 
participating  in  its  preparation,  that  Metalclad  airship  hulls 
have  structural  merits  beyond  original  hopes  and  expectations, 
in  their  strength  and  rigidity  with  a high  degree  of  redundancy 
typical  of  all  shell  structures,  and  the  evidence  that  these 
structures  can  be  light  in  weight,  reliable  under  adverse  con- 
ditions in  distress  and  tolerant  of  mishandling. 
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GLOSSARY  OF  TERMS 

Sagging  moment 

Hogging  moment 
Cornice 

Splice 

Membrane 

Diaphragm 

Dilation 

Ballonet 

Skin 

Gore 

Longeron 


A moment  making  the  middle  por- 
tion of  a hull  deflect  downward. 

A moment  making  the  middle  portion 
of  a hull  deflect  upward. 

The  edge  of  a girder,  usually  made 
of  thicker  material  than  the  sides 
of  the  girder. 

A long  joint  connecting  by  scams 
either  two  cornices  in  a long- 
itudinal extension  or  sheets  of 
metal . 

Thin,  soft  material  for  gas  cells, 
highly  impervious  to  helium. 

A dividing  membrane,  in  the  plane 
of  the  main  frames,  separating 
gas  cells,  or  air  sub- volumes . 

Also  used  in  place  of  membrane. 

Expansion  of  gas  with  change  of 
thermodynamic  state,  either  due 
to  pressure  or  temperature  or  both. 

A contained  space  of  air  controll- 
able in  volume,  to  irtcrease  or 
decrease  the  amount  of  air,  thus 
displacing  gas  to  other  locations 
in  the  hull. 

Thin  metal  which  forms  the  shell 
of  the  hull  of  Metalclad  airships. 

A part  of  hull  shell  skin  defined 
as  a segment  between  two  longerons. 

Fore  and  aft  structural  member  of 
a Metalclad  hull. 

Cellular  structure  between  two 
sheet  metal  bodies,  attached  to 
them  into  a light  and  rigid 
assembly. 


Honeycomb 


Me  talc lad 


Supercharge 

Hoop  Stress 

ANSYS 
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A verbal  composite  defining  an 
airship  hull  assembled  from  thin 
metal  sheet, s and  pressurized  for 
local  elastic  stability  as  well 
as  to  induce  tensile  stresses  in 
the  metal  skin  to  sustain  all 
compressive  stresses  from  external 
loads  without  buckling. 

To  maintain  a higher  than  ambient 
pressure  inside  an  airship  hull 
envelope. 

A circumferential  skin  stress  in 
a hull  transverse  cross  section 
due  to  a supercharge  pressure. 

"ANSYS  Program"  - General  Purpose 
Hnginoering  Computer  Program. 
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APPENDIX  A 


Model  For  Pressure  Loading  Of  Main  Frame. 


These  sketches  show  pressure  distribution  along  the  diameter 
of  the  hull  and  the  resulting  distributed  load  w,  acting  on 
the  main  frame. 

p0  - 0.8833  lb/in2,  Gage 
Pm  e Po  + AP 

k = 0.0654  lb/ft^  (051  Helium) 


D - 2 j4  ft 


204  x 0.0654  « 13.3416  lb/ft2  - 0.09265  lb/in2 
0.8833  + 0.09265  = 0.976  lb/in2  Gage 


Frame  loading  w is  a simple  multiple  of  pressure, 


w *=  pi 

in  which  I is  the  spacing  of  main  frames,  or  more  generally, 
impingement  length  of  a main  frame. 


b 


|i; 

\:r. 

hi  ’ 


J\ 

lj 

1 

E 

l 


FIGURE  A 2 Notation  For  A Hull  Section 
w = w0  + Jf(sin  + l)(w  - w0) 


P is  the  lifting  force  acting  on  the  framo.  It  will  be  made 
equal  in  magnitude  to  the  load  w assigned  to  this  frame. 
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Internal  Forces  In  Main  Frame.  The  lifting  component  of 
pressure  forces  is  shown  on  the  right  sketch  of  Figure  A 4. 
For  simplicity  it  is  assumed  that  the  distribution  of  the 
weight  balancing  the  lift  is  the  same  as  the  pressure  loading 
in  the  lower  half.  As  a result  the  following  frame  loading 
is  obtained. 


f w <p 

w , ' / r<~ 


a - (j) 


ZZ __L. 


-jV\N 


FIGURE  A 5 

Notation  For  Axial  Forces 


FIGURE  A 4 Distribution  Of  Lift  And  Weight  Forces 


V ' - "o> 

wd)  = w,  sin<j) 

<j)in 

The  distribution  of  axial  force  may  be  found  from  equilibrium 
alone  by  projecting  the  loading  shown  in  Figure  /V5  (abovfe) 
on  y - axis. 

tt/2  tt/2 

Axial  Forces:  Nn  = f w^cos^  Rd  - [ w]n  ^sin  ijjcos  cj)Rd  $ 


” f 

3s:  Nn  = f 


w4cos<|>  Rd<(> 


’■  ■**V*«t 


sill <j>cos  <j)d 


^sinz 


No  = Rwm^Isin2^  " **Rw„ 


This  is  the  axial  force  at  centerline  of  the  hull  for  an 
arbitrary  section  as  shown  in  Figure  A 6 


N0sin^ 


aerr/2 

* f 

j 

a-  (j) 


R(da)  wa  sin  Cot  - = N 


wa  “ w^m  sina 


N B N0sincj>  + Rw 


sina  sin(a  - <j>  )da 


r i*/2  1 r i”/2  i i-  -,7r/'2 

h sin  a , - isin  sin2a  - icos  cos2a  = 

L J4>  4 1 \ 4 l-  -i  ,j, 

- 4>) sin <(>  - Isin^o  - sin2(j))  - ^ cos C ~ 1 ■ cos2 


1 + cos2if>  - 2cas2<{i 


-<}>)  s in d>  + Jjsin2 i>cos <P  + h cos3(j>  = 
- <p)  s in 0 + t;cos  cj)  . (sin2  0 + cos 2 ^ 


"V  — 

ii 

1 


N =>  NQsin(j)  + *sRw^  [^7  "4>)  s in c{)  + cos tj> 

For^  = o,  N = hRw^ 

This  result  can  be  verified  indirectly  by  integrating  the 
vertical  components  along  one-quarter  of  the  hull  section 

//2  ir  / 2 

Ni  = ( wtj)sinz4'hd(|)=  W(|)mR  f sinz<H$  “ }RwAm 
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The  resultant  distribution  of  axial  force: 


R(wav  + 1wm<p 


l 


>xN 


vRCwav  + ifwm<p 


FIGURE  A 6 Distribution  Of  Axial  Force  Along  The  Hull 
Perimeter 
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APPENDIX  B 

Model  Sizing  Of  Main  Frame,  Stress  Criterion. 


FIGURE  b 1 Main  Frame 


For  MC- 200: 

R=  1,224",  (102’)  and  H » 144"  C12') 

The  required  cross  section  is  calculated  as  a function  of 
frame  spacing  1. 

Maximum  axial  force: 
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Pjj)  - 0.  976  , p0  - 0.8833  lb/in2 
Nnm  « h (l224)l  jjO  .976  + 0.8833  + £(0.976  - 0.8833^=  1182*1 
Largest  bending  moment: 


1, 

I1 


X i(wm  - W0)' 


M ■ 0.2SWjR2 
wi  ■ ¥**  ■ ! 

vi  4(p,„  ■ p<>) 

M " ' Pc,:Ir2  ’ nCp.n  ' po)r2 

(Positive  at  horizontal  diameter,  negative  at  vertical 
diameter) 

M ■=  ^-(0.9  76  - 0.  8833)  (l22'|2  = ^11  *5  73)2 


A series  of  l values  is  used  in  Table  B-l,  spanning  the  range 
from  1 = 0.25D  to  1 = 1.0  D. 

Allowable  stress  of  30,000  lb/in2  is  used,  both  in  tension  and 
compression. 

TABLE  B I Bending  Moment 


l 

(in) 

10°  lb 

6 M 

10°  lb. in 

A' 

612 

0.  7234 

7.083 

27.5 

1,224 

1.4468 

14.165 

55.0 

1,836 

2.1702 

21.248 

82.5 

2,448 

2.8935 

28.331 

110.0 

Assume  the  effective  depth  of  frame  to  be  h a 140  in. 

The  last  column  in  the  table  above  shows  the  initial  total 
area  according  to: 
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APPENDIX  C 


Model  of  Main  Frame  Selection,  Modified  Data. 

Factor  of  safety  s 2.31 

otu  - 69,000  lb/ in 2 ; aty  = 60,000  lb/in2 

ot  •-  69/2.31  « 29.87,  use  ot  «*  30,000  lb/in2 

ac  - 0 . 9 5cr  t . 28,500  lb/in 


For  MC-200 


1224 


418  in (34. 83) ft 


r _ 12  S 4 in  (1 0JU5  f t ). Lll. 

FIGURE  C 1 Spacing  of  Frames 

with  l~  1254",  the  internal  frame  forces  are,  Ref. 
Appendix  B 

Nmax  = 0182)  (1254)  - (1.  482)(lo)6  lb 
Mmax  = (11S73)(1254)  = (14 . 5l3)(lo)6  inlb 


___..NAJ)C:J^H8.-i£! 

Maximum  stress  in  either  section: 

o = H^i8-ii(io)6  + - (1.709)  (10)6/A 

Amin  s (1. 709) (10)6/34SO0  - 49.54  in2 
with  A a 49.6  in2  : 

I - 1/4  Ah2  » (1/4) (49. 6)  (128)  2 = 203,162  in4 


^^1  unOV^mMUHINCb, 

NA1JC-  76  2 38-  30 


Longeron  sizing,  center  section. 

Consider  the  frame  spacing  shown  in  Appendix  C ; the  | 

intermediate  frames  provide  same  degree  of  fixity,  both  rotati'1 
latera 1 fi  s tif fness  is  large  enough  to  be  considered  perfect. 
(This  is  to  bo  verified  later).  The  angular  constraint  is 
ignored  but  the  support  spacing  is  diminished  from  418 
39  8.6  in. 

Buckling  stress  is  determined,  using  a thin-woll,  triangular 
section  as  shown  in  figure  D-2. 

1 = 398.6  in 

p2  - B 2 / 1 2 

B = ^ H = 2 x 20//3 

pz  = 44.44  ; X2  a (398  A)2/4.4.44;  'X  = 59.8  > 58.5 
ocr  = tt 2 E/ X 2 = H2  (10.4)  (10)^58.5^  - 29,990  lb/in2 

i 

X “ Slenderness  Ratio 

The  cross-section  of  a longeron  ir.  assumed  to  be  the  equi- 
lateral triangle  with  a very  thin  wall. 


FIGURE  D 2 Model  of  Longeron 
For  this  section  A = 3Bt , while  the  formula  for  I is: 
1=1/4  B3t  and  p2  « I = 


For  H = 20  in  as  the  total  height  (for  MC-2O0) , the  thickness 
can  be  computed  from  the  prescribed  load  acting  on  the  section 
(Resultant  bending)  . 

The  allowable  compressive  stress  in  longerons  is: 
cw/2  = 29940/2  = 15,000  lb/in2 
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The  aerodynamic  bending  moment  is: 

M * (212.043)  (10)6  inlb  ' ! ( . 

The  material  which  carries  the  bending  stress  is  distributed 
as  a uniform,  equivalent  thickness  t. 

M 

0 " ttR2 t 

SET  aL  = o « 15,000  lb/in2 
b c 

(2. 544S) CIO) 9 n ,n  . . 

t “ TT  (1 2 Tty-  ' ll'SOOO)  = 0,0360  4 1 11 

In  this  preliminary  stage  two  conservative  assumptions  are 
made : 

(1)  On  the  compressive  side,  the  idealized  longeron  of 

Figure  I)  2 . is  the  only  material  which  resists  the 

bending  moment. 

(2)  The  same  holds  true  on  the  tension  side  and  the  per- 
missible stress  level  is  the  same. 

There  are  48  longerons,  each  with  the  area 

As  = 2ir Rt/ 4 8 ■ 2 (1224)(0 . 03604 ) /48  = 5.774  in2 


for  the  shape  of  Figure  1)2  , A.  - 3Bt; 
2 2 

B = y^  H s 20  = 23  094  in 
5.774  - (3x23. 094) ;t  and  ; ■ 0.08334  in 


use  t = 0.085  in 
Compressive  force  in  the  longeron 

Nc  = (5. 774) (15000)  = 86,610  lb 
Buckling  force 

Ncr  - 3BtCcr  = (3) (23.094) (0. 085) (29990)  = 176,610  lb. 


r’nll?  ViS  fib  iioila.'  ;il, -t.il  .it.t  mha  tl’. 


i’ I rhdriigi  if 
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Buckling  stress  of  longerons  (z  - 24) 

The  second  area  moment  for  the  secondary  frame  cross-section 
is: 

I = 2589.4  in4 

The  stiffness  of  a frame,  when  treated  as  a support  for 
longerons  is: 


b = 320.4  in 
kA  “ 0.0305 
R « 1224  in 

* = ' »«.o4  »/in 

The  spacing  of  main  frames  is  1254".  The  secondary  frames 
are  treated  as  elastic  supports  according  to  the  sketch  on 
Figure  Cl  of  Appendix  C.  The  buckling  load  will  be  deter- 
mined from  : 

2 / \2 

Pe  " (D  EI  ■ (jx5t)  (10.  4)  (10)  6(261.  73)  = 17,084  lb 

(This  is  the  Huler  force  for  a column  with  no  intermediate 
supports . ') 

kL  (126.04)  (1254)  _ or„ 

T7W4 9*252 

This  value  of  kL/Pe  is  small,  because  of  little  stiffness 
of  secondary  frames,  that  Pcr  is  only 

Per  * 3‘9  pe  “ 66,628  lb 

A ■ 5.889  in2  and  a CT  = 66628/5.889  = 11,310  lb/in2 

The  beneficial  effect  of  skin  was  not  taken  into  account. 

Longeron  Bending  Due  To  Pressure. 

The  interaction  of  structural  elements  of  the  hull  under* 
uniform  pressure  is  described  in  Section  5 
which  illustrates  a hypothetical  situation  of  a hull  with 
only  intermediate  frames,  uniformly  spaced.  It  turns  out  to 
be  quite  a meaningful  example,  however,  because  the  influence 
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of  one  frame  does  not  reach  the  adjacent  one,  at  least  from 
a practical  viewpoint. 

It  also  holds  true  with  respect  to  a case  of  a hull  with 
main  frames  only,  spaced  at  the  same  distance.  To  obtain 
the  interaction  forces  P,  Example  I* is  reworked  here  with 

Af  “ 49.6  in2 

r - - 1 

p ■ TrnnMiSsrsT  * «>.9  76) 

Maximum  bending  at  x = 0 


73544 


= (1.519) (10) 6 inlb 


Check  bending  stress  due  to  this  moment  with  24  longerons: 
I * l/4B3t  *=  1/4(23.  09 4)  3 (0 . 085)  * 261.7  in4 
c±  =(2/^H  ■ 2/3  (20)  = 13.33  in 
c2  = 20.0  - 13. 33  « 6.67  in 

ab  - (1 . 519) (10) 6 x 13.33/261.7  - 77,372  lb/in2 
1 ...... 

compression,  outside  fiber. 

a ■=  38,686  lb/in2  tension. 

b2 

There  is  a tensile  stress  in  longeron  section 
a ^ “ 6,885  lb/in2 

Resultant  longeron  stress: 

a1  - 77372  - 6885  - 70,487  lb/in2 

2 

a 2 - 38686  + 6885  = 45,571  lb/in 

ala3rl  - 15,000  lb/in2 

a,  *»  34,500  lb/in2 

^all 

Ovcrstrcssed,  needs  reinforcing  locally. 
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i*cinfor cement f“CNewnMoment?^er0n  ben<lin{!  due  :ocal  »ki» 

M max  c CO. 8) (1.S19) (10)6  » (1.215) (10)6  in  lb 

ai?,s  • A1  a2  on  the  basic  area 


Combined  Section  Data; 


No. 

Ai 

(in2) 

zi 

(in) 

Aizi 

(in3) 

Ai*l 

(in4) 

0 

5 . 89 

6.67 

39.29 

262.04 

1 

2.0 

0.1 

0.2 

0.02 

2 

3.5 

18.0 

63.0 

1134.0 

I 

(in4) 

261.7 

0 

0 


18.  0 


f 2.0  in^ 

A!  “ 2‘°  in2J  A2  = 3. S in 2 
FIGURE  D 3 Longeron  Area  Distribution 
A = 2?A^  ° 11.  39  in2 
‘Aizi  = 102.49  in3 

"2  - 102.49/11.39  - 8.998  in ; Cl  - 8.998  in;  c2  = 11.002 
A^Zi«1396.06in4  in. 

I " 261.7  + 1396.06  - (ll.  39j  x (8 . 998)2  * 735.58  in4 

0b  = T [ell*  8‘998]Jl4,863llb/in2  (tens  ) 

M 73S'58  11  * 0 0 2 J [l8  , 202j1b/i,i2  [£™-] 
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Resultant  stress: 

ai  E 14,863  + 6,885  = 21,748  lb/in2  (inside] 

0O  - - 18,202  + 6,885  - - 11,317  lb/in2  (outside) 

This  is  well  within  the  allowables.  The  added  areas 
may  be  reduced. 

Longeron  bending  due  to  pressure.  (z  a 24^) 

As  the  first  step  determine  the  interaction  force  P 
between  the  main  frame  and  longeron.  Rework  the  Example 
using  Af  = 49.6  :in2  and  z = 24. 

A = 2«Rt  + nAc  * 2^(1224) (0.05)+ (24) (5.889)  a 525.9  in2 

a = N/A  e (4. 594) (10)6/525.9  = 8,736  lb/in2 


The  ratio  of  applied  axial  stress  to  the  buckling  stress 
determines  the  stiffening  effect  of  axial  forces.  The 
most  probable  value  of  cr  r , calculated  before  in  this 
Appendix  is  11,310  lb/in*.  (Using  acr  of  larger  value, 
based  on  frame  spacing  of  432",  would  be  unnecessarily 
conservative.)  Use  a stiffening  factor  given  by 

m - 1/(1  +cr/«cr)  * / 2 

i , 

Tc  = Ic/m  « (261. 7)  (1  + 8736/11310)  = 348.4  in4 

1/  J 1 

K - k(l+o/acr)  * (55. 6)  [1+8736/245. H ’ = 336.5  lb/in 

A4  - F__  - 336.5 

^BIC  TTxlO . 4 ) (1076/  3^8 . 4) ',  and 

A=  12 . 344  (10) " ^ 

Ah  5.3326 


f (Al)-'O.  996 

„ K ■ 0 5)  _ „t  + (12.344)(10)-  3(10.4)(10)  6 (0.05) 

P j2Tr)  (12  24)  (49.6)  T2 5T3T673 ) ( 1 2 2 4 ) * 

(0 . 99(|  1x  (0.976) 

P = {(3. 140)  (10)"®  + (6.  341)  (10)'6] 'Jo.  976) 

p = 102,880  lb 
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This  is  a larger  force  than  the  one  obtained  for  z - 48. 

Mmax  “ JA*  T^fcirrsTOlTO) ' 3 " C2. 084)  (10)6  inlb 
Bending  of  skin  along  longeron. 

Pescription  of  the  problem  is  given  further  on  in  this 
appendix.  Interaction  force  P between  the  main  frames 
and  longerons  is  calculated  above  in  this  Appendix, 

P - 73,544  lb 

Inward  loading  w from} 

t zP 

WaP~R'2~rXr 

All  data  the  same  as  in  Example  I,  except  A £ a 49.6  in*1 

* - 0.976  - ' "-5133  lb/1”2 

p “ w ° 0.4627  lb /in 2 
Stretching  force 

N-  (p-w)K  “(0.462^)  x (l224j«  566.3  1b 

Length  of  a beam  - column  per  sketch  of  Figure 

b a 2ttR/z  = 2 ir  (12  24)  / 4 8 * 160.2  in 

Solving  for  moments  and  the  deflection  at  the  center  of  panel 

,2  . Si  . Stl  . .{10.4)(10)6(0.05)3  , . 

3 N 12N  (12HS66.3) 

l ■ 160. 2 in 

U2  - t2/j2  - 134,156 

U = 366.27 


The  Euler  force  for  this  1"  strap  is  only 

■ (*)“  ■ (l)2  * W ■ (l^Tl)2  ^ 


>■05)  * 


- 0.04166  lb 
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Por  so  large  values  of  1),  tan  h (U/2)  £*1 . 0 and  for  bending 
moments  at  ends: 

Mx  b m2  - (l/?)wj2U  - (1/2)(0.S133)(0. 1913)(366. 27)«1798  inlb 
Moment  at  the  center 

M a wjz  = (0. 5133)  x (o . 1913)  = 0.0982  inlb  (not  critical) 
Por  large  values  of  U,  the  maximum  deflection 
t 2 

ym  “ 8 fl  ^l'2  ' 4U-)  “ T01;S6C.”3;  (134156  -ft)  x (366 . 27)) 

« 2.876  in  (with  respect  to  the  supports, 
i.e.,  to  longerons) 

Bending  stress  in  skin: 


6Mi 

V" 


ToT05)^  C17 ♦ 98)  = 43,152  lb/in' 


This  is  superimposed  on  hoop  tension: 


N/t. 


566. 3/0. OS  - 11,326  lb/in2 


Resultants,  circumferential 

11,326  - 43,152  = - 31,826  lb/i.n2  (external) 

11,326  + 43,152  ■ 54,478  lb/in2  (internal)  of'  the  skin. 

Without  thickening  of  skin  along  the  sides  of  longerons. 

The  benefit  of  longeron  shape  (two,  rather  than  one  contact 
points  with  skin)  was  not  taken  advantage  of  in  the  above 
mode  analysis.  However,  a local  doubler  may  still  be  nec- 
essary, as  a resultant  inside  stress  is  much  larger  than  the 
allowable  of  34,500  lb/in2. 

Also  it  is  to  be  noticed  that  the  assumption  of  non-deflecting 
longeron  artificially  increases  skin  bending. 

Bending  of  skin  along  frame. 

Rending  along  the  main  frame,  is  more  severe  than  along 
secondary  frame  and  is  analyzed  next. 


333 


q^tursomachines, 

... NADC=16.23fl^3IL 


Equation  for  bending  of  skinalong  a frame: 
t2  /l)D  zp 


M. 


max 


/12 


M 


M 


max 

max 


/im  . zp  ^ 

\t  2*K{) 

P-iOS2  /fo.  976)  (1224)  (48)  (73544)^ 

/iT~’  0.05  ( 2 ft)  (49. 6 ) ) 

9.068  inlb 

6M/ 1 2 - (6) (9. 068)  (0. 05)  2 = 21,763  lb/in2 

along  a secondary  frame 


The  result  shows  that  by  comparison  with  a longeron,  the 
bending  stress  along  the  frame  is  only  about  half  of  bending 
stress  along  a longeron.  This  is  thought  to  be  indicative 
of  the  true  situation,  although  some  of  the  difference  may 
be  ascribed  to  overly  conservative  assumptions  used  in  the 
longeron  analysis. 

General  instability 

General  instability  is  the  mode  of  buckling  in  which  the 
frames,  due  to  insufficient  stiffness,  deflect  under  the 
buckling  longerons.  There  are  several  criteria  of  general 
instability,  the  one  considered  below  is  taken  from  Bruhn, 
"Design  and  Analysis"* 

The  minimum  frame  stiffness  to  prevent  a general  instability 
is 


E!  f 


Mb' 


(lGOOO)Z 
M s bending  moment 
D « 2R  » (2)  (1224)  = 2,448  in 
l - frame  spacing, in 

Assume  first  typical  secondary  frame  spacing 
X « 432  in 

With  aerodynamic  moment  M 3 (2  . 5445)' (10)^  inlb 
with  E - (10.4)(10)6;  If  = 212  in4 
x‘  See  references  page  307 


(1) 
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Elf 


SL  l<l.VJ.W±-ad.<  8.)  I (1°) 6 . (2  2061  (1019  lbin2 
(16)  (10)  3(0.4327710)  * tz.^06j(lij  ibm 


This  is  considerably  less  than  the  former  calculations  gave. 
One  has  to  keep  in  mind,  however,  that  Equation  1 is  semi- 
empirical  and  that  the  tost  pieces  on  which  it  is  based 
may  not  have  been  of  appropriate  diameters. 

Method  of  solution. 

The  connection  or  attachment  between  the  frames  and  the 
rest  of  the  assembly  is  considered  removed  and  the  hull  is 
pressurized.  This  makes  the  radial  gap  A an  open  distance 
between  the  skin  and  the  frame.  The  effect  of  Poisson's 
Ratio  is  disregarded,  a conservative  assumption  at  this 
time,  because  Poisson's  Ratio  reduces  the  radial  skin  de- 
formation due  to  the  presence  of  longitudinal  skin  stress  _ 


l 

■j 

1 


4 


FIGURE  D 4 

Skin  deflection  relative  to  a frame 
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Tn  the  next  step  the  inward  directed  loads  are  applied  to 
longerons  and  the  outward  directed  loads  to  frame. 

These  loads  are  applied  simultaneously  at  a plane  of  every 
frame. 

The  skin  longeron  deflections  are  denoted  by  hf . Forces  P 
are  found  from  the  condition 


As  + Af  = A 


P / P 


Forces  Between  Skin  and  Frame 
FIGURE  D 5 


Frame  flexibility. 

A ring  loaded  with  z concentric  forces  P is  equivalent  to 
a ring  loaded  uniformly  with  an  intensity  w: 


Radial  displacement : 


A.  - w l\ 

4f  - Ew 


wR2  a zPR 
EAf  2 ^ l;Af 


Af  - frame  cross-section  area. 

Apart  from  the  above  radial  component  of  displacement,  there 
also  is  one  due  to  bending  and  shear.  However,  with  z fairly 
largo,  say  z^.36,  the  radial  component  strongly  predominates. 
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Skin  flexibility 

When  skin  is  treated  as  an  elastic  foundation  for  longerons, 
it  is  divided  into  rings,  each  of  them  one  unit  wide.  The 
section  properties  of  such  ring  are: 

A ~ t 

I - 1 3/l 2 

Applying  a set  of  z evenly  spaced  forces  Q gives  a radial 
deflection,  which  may  be  expressed  by  a formula  analogous 
to  liquation  2. 


6 


2Et 


The  foundation  modulus  is  defined  as  lc  a Q: 


k 


2 frit 
zR 


(3) 


It  is  to  be  noted  that  bending  flexibility  of  skin  can  not 
be  developed,  because  a frame  is  continuously  attached  to  it. 
This  is,  of  course  true  only  in  the  frame  plane,  In  the 
classical  theory  one  has  a uniform  circumferential  load 
intensity  w: 

2 

zQ  =2irRw  and  k = Et/R 

Influence  of  axial  stretching. 

When  skin  and  longerons  are  subjected  to  axial  tension,  it 
is  more  difficult  to  bend  them  in  lateral  (radial)  direction, 
than  if  the  tension  did  not  exist.  This  effect  is  considered 
separately  for  skin  and  for  longerons. 

In  case  of  a longeron  subjected  to  an  axial  load  N,  a simple 
approximation  is  made;  the  effective  second  area  moment  Ic 
is  assumed  to  be 

Tc  “ f1  + R7r)  Jc  (4) 

In  which  Ncr  is  the  elastic  buckling  force  for  a longeron 
supported  by  the  frames. 

The  stiffening  factor  for  a thin-wall  cylinder  will  be 
determined  from  the  deflections  of  a longitudinal  strip  of 
skin,  which  is  treated  as  a beam  on  an  elastic  foundat:  ion . From 
Iletcnyi's  Equations  follows  that  the  deflection  under  a 
single  force  P at  the  origin  is  y0  “ JL. 
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When  no  axia]  force  is  acting,  according  to  Hetonyi ’ s/  work , 
gives  the  deflection  with  the  axial  force  present: 

P A 
yl  " 2k  a 

The  stiffening  factor  is  defined  as 
yl  A 


itr  = 


In  which 


m <= 


A2 

A.  + 


N N 
4'Efy 


/,  ; 1Z\77 

41ilA  y 

The  definition  of  A.,  is  givon  by 


k 

TeT 


(5) 

(6) 


Ik 


l't  Bt4 
12  r2  c urZ 


4EIA 


4B^ 

12R2 


Bt2 

/tr 


In  considering  skin  stiffness,  the  Poisson's  Patio  is 
assumod  equal  to  zero;  setting  v 85  0 in  the  expression  for 
buckling  stress  of  a cylinder,  as  shown  in  Roark's  "Formulas 
for  Stress  and  Strain"11  (See  references,  page  308). 

1 EtZ 
/3  R 


NCr  =tacr 


But  this  is  the  same  value  as  previously  derived  value  of 
4EIA2.  Substituting  in  the  expression  for  m: 


m --: 


(1  ” cr/oTJ 


/ s 


(7) 


in  which  acr  is  the  theoretical  value  of  the  cylinder  buck- 
ling stress. 


'cr 


Bt/  (/3  $),  a is  positive,  when  in  tension. 


y,M.  Hetonyi,  Reams  on  Elastic  Foundation,  University  of 
Michigan  Press,  1946, 
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Instead  of  saying  that  the  deflections  of  skin  decreased 
tn  times,  one  can  say  that  the  foundation  modulus  was  changed 
to  ic: 


+ o/o 


/z 


GO' 


The  inclusion  of  the  effect  of  the  axial  force  has  the 
following  effect  on  the  previously  derived  expressions: 


1.  In  Iiq.  6 , k and  Ic  are  replaced  by  T<  and  Tc  . 
4 lffc 


2.  In  Eq.  Ag 
General  solution. 


PA.  s'inhAI  + sinA  X 
71c  coshAT  _'-~rcosA i 


k and  A are  replaced  by 
1c  and  7T,  respectively. 


In  accordance  witli  the  definition  of  A in  Equation  1, 
pU2 

A „ , where  p = internal  pressure,  uniform. 

Et  CiO) 


Spbstituting  Equations  2,  9 in  Equation  1 


zPR  _ + V/L  . P 

2tt  EAf  ■ 2K  f ~ fft 


R2 


. sinhAI  + sin  M 

m which  f CA.I)  - cosITAI  “ cosAX 


<ii)? 


f zR 


+ A 


2ivEAf  2t 


£(Al) 


i 


zt  Alit 
27RAf  2%RZ 


f (AU 


Et 

17 

-1 


(12) 


Example  I. 


To  calculate  the  interaction  forces  P for  a hull  with  the 
following  data: 


R - 1224  in 
1 * 432  in 

t - 0 . OS  in 
Af  - 21.4  in2 


Ir  = 261.7  in4;  A„  - 5. 889  in2 
zc  - 48  c 

p = 0.976  lb/in2 
E = 10.4  x 106  lb/in2 
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Stretching  force  in  hull: 

N = ttR2p  = (it)  (1224)  2 (0.976)  - C4 . 594)  (10) 6 lb 
Total  section  area: 

A = 2irRt  + zAc  « (2n)  (1224)  (0 . OS)  + (4  8)  (5 . 839)  = 667.2 

• 2 

Axial  stress:  m 

° = (4.594) ( 1 0 ) 6 / 66 7 . 2 = 6,885  lb/in2 

Longeron  buckling  stress  o 

‘ / 2 Cr:  I/, 

P » (Ic/Ac)  = (261. 7/S. 889)  « 6.666 

X - 1/p  = 432/6, 666 
2 

acr  “ ~ 24,440  lb/in2 

Modified  2nd  area  moment,  Equation  4 : 

/,  6885"\ 

Ic  = + OT4oJ( 261.7)  - 335.5  in4 

Skin  buckling  stress: 


0rr  - It  „ .Ll0^4JilOJ6(0.05) 
/3  (1224) 

Foundation  modulus,  Equation  3: 


- 245.3  lb/in 


ilL§t 

zR 


(4  8)  (122T 


I 6 (0 . 05' 


= 55.61 


From  Equation  B: 

k = k ^1  + a/a. 


k = k (^1  + o/aCTJ  = (55.61)  [1  + 6885/245.  3j  2=  299.8; 

lb/in2 

The  effect  of  longitudinal  stretching  is  very  strongly  marked 
as  far  as  the  skin  stiffness  is  concerned. 

a 4=  k _ 299.82 

4E1C  " (4) (10.4T(10)6T335.5) 

A = 12 . 107C10) ' 3 1/in 


Al  * S.2302 

From  liquation  11: 

....  _ 93.412  + 0.867  QQ,0 
f (Al)  ~ 9 3.418  - 0.495  “ 0.9959 


From  Equation  12  : 

n f (48) (0.05)  , (12. 107) (10) "3(10.4) (10)6(0. 05) 

1 " (2-rr)  (12  2 4T('2  lT4T  + (2)  ('299 . 827(1224)1 

-i-l 

x (0 . 9959)  (0.976) 

P = [(14. 58) (10)'6  + (6.979)  (10)‘6  ‘ 1 (0.976)  * 45,270  lb 
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APPENDIX  E 


Sizing  of  I-Beam  with  Thin  Web. 


A = Aj  + A2 


FIGURE  E 1,  I -Roam  Schematic 


The  I Beam  consists  of  the  lower  chord  A-^  , the  upper  chord 
A2  and  the  connecting  shear  web.  The  Axial  force  N is  applied 
at  C G of  Aj  and  A2<  J~£^> 

The  objective  is  to  determine  A-^  and  A,  so  that  the  stress 
levels  are  and  02  i-n  th0  lower  and  the  upper  chord,  res- 
pectively: 


01  c=  ^ 4.  ^ . 

ai  a + Apr 

CD  • 

a = N . M 

°2  I Apj 


When  M = 0 , the  loading  becomes  a pure  axial  load  case.  The 
real  need  to  use  Equations  1 is  when  there  is  a sizable 
moment  present.  The  equations  will  be  solved  approximately 
for  the  case  when  the  effect  of  the  bending  moment  is  of 
the  same  order  of  magnitude  as  the  axial  load. 

In  the  first  approximation,  obtain  Aj  and  assuming  A^  = 

A^  = 0.5A.  From  the  first  of  Equations  (1) 

(*) 

JUD-C.G,  Location  is  not  known  until  A]  and  A2  are  determined. 
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When  the  approximate  values  of  A;  Qnd  A*  are  inserted  in 
Equations  1,  the  values  for  arid  q!,  are  obtained,  o'  = o ^ ; 

Equation  1 says  in  effect  that  the  applied  stress  in  the 
lower  chord  must  be  equal  to  the  targot  stress.  However, 

»2  and  o2  and  as  a rule  a large  difference  is  to  be  expected. 


In  the  next  step  is  chosen  new  without  changing  A,  so 
that  the  target  value  of  stress  a2  is  obtained. 


o2  * 


N 

*T* 

Al 


M 

A2h. 


M 

A^h 


The  total  area  will  be  preserved,  if 

Hi  ,11  I M 

A1  “ A1  + ^A2  ‘ A2^  " A " A2 


C3) 


(4) 


No  weight  saving,  which  is  the  ultimate  objective,  has  been 
achieved  thus  far.  Small  changes  of  both  areas  should  bring 
that  result. 


The  areas  appear  in  the  denominators  of  Equations  (1)  . If  A, 
changes  to  A + AA,  where  AA  <<A,  one  can  write 

1 _ I 1 ~.l 

A+TTA  “ A 1 + AA/J^a 

In  the  third  step  the  index  of  stress  and  areas  is  changed 
to  (’")  notation 


N M 1 

°2  * A"  + A2  h A }i  + AA2 


The  change  of  A]_  and  A2  thus  considered  independently. 


After  using  Equation  (5)  : 


N f AAfv  H /,  A A A 

°1  A"  V " ~ TT7^+  " 


" ' N h 
°2  " & V ■ 


~K* 

a'A^ 


hAj 


-W{) 


A". 


M n 

hT”  51 


Aa2\ 

A2v 


When  one 

assumes  AAi  = AA2  55 

0,  the 

are  obtained. 

Subtracting  the  sides 

expressions : 

It 

It  f 

N A^l  M 

AAi 

al 

" °1 

Arr  A"  hA» 

■*r 

> 

II 

It  t 

N AA2  m 

AA2 

°2 

~ °2 

" A" 1 > “ TO 

' A« 

an 


Isolating  the  unknowns,  which  are  AA^  and  Aa2  : 
( ft  . M A,y\  <4  Ai"' 

(>  safari  ~Arr 


tl  f 


1 

If  I 


°2  “ a2 


N 

Fr 


M A'N  <d  A2 


TO 


A 2/ 


TO 


Finally : 

AAj/A' 


■ ( 


4A2/A" 
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APPENDIX  F 

Fixity  of  Long  ridges  in  Membrane- Plates , 

A membrane -plate  is  understood  to' be  a plate,  which 
has  so  sizable  a deflection  that  the  membrane  com- 
ponent of  the  internal,  forces  must  be  accounted  for, 


a — long 
edge 


Edges  are  free  to  rotate. 

Edges  are'  fixed  rotational  ly. 


Model  of  a Membrane 
FIGURE  F .1 

The  objective  is  to  make  some  conclusions  regarding  the  be- 
havior of  panels  between  longerons  and  secondary  frames,  as 
their  boundary  conditions  are  between  the  two  extremes  shown 
above.  The  panels  are  slightly  curved,  but  are  treated  here 
as  flat  for  the  sake  of  model  convenience. 

The  following  figures  are  quoted  from  Roark:  (See  References) 
= Non-dimensional  pressure  load. 

. 1j  t 


y/t  - 

Sdb2 

E'er- 

sb2  . 
Et*  ' 


deflection . 
diaphgram  stress. 

total  (diaphragm  + bend.)  stress’ 
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Membrane  Pressures  And  Stresses 


wb1^ 
lit  4' 

25 

125 

250 

y/t 

0.946 

1.72 

2.  20 

Cond.  I 

s^b^Et2 

2.40 

8.10 

13.20 

sb2/Et2 

7.  16 

16.40 

23.60 

y/t 

0. 51 

1 . 40 

1.86 

Cond.  II 

sdb2/ht2 

' 0.66 

S . 40 

10.  30 

sb  2 /Et 2 

11.12 

41.0 

67.00 

Note:  Stress  is  measured  at.  center  for  boundary  cond.  I 

and  at  the  center  of  the  long  edge  for  boundary  cond. 

II . 

The  following  observations  can  be  made. 

1.  Deflections  are  smaller  in  Condition  II,  but  the  dif- 
ference tends  to  null  as  the  load  increases. 

2.  The  same  is  true  for  membrane  stress. 

3.  Plate  bending  stress  is  much  larger  in  condition  II  and 
the  difference  grows  with  the  load. 

The  last  factor  is  very  undesirable  and  all  means  possible 
should  be  used  to  make  the  panel  approach  condition  T This 
can  be  achieved  by  removing,  as  much  as  possible,  the  angular 
restraint  from  the  edges  of  the  panel. 

Note:  The  figures  shown  above  are  for  long  plates,  a/b  1.5. 
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APPENDIX  G ■ Theory  Of  Local  Skin  Bending  Near 

Longerons . 

In  this  Appendix,  the  magnitude  of  bonding  moments  on  the 
skin  near  supports  (Longerons)  is  evaluated.  A circumferen- 
tial strap  of  skin  is  treated  as  a beam-column  with  a large 
stretching  force.  The  maximum  radial  deflection  is  also 
calculated. 
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The  liquation  for  bending  moment  near  supports  is: 

M'1 
U 


/u/2-tanh  U/2\  , from  Roark  P.1S2,  case  18v 

w . z r . -T5iTjrij7ttH 


Z/j;  j » (RI/N) 


1/2 


The  order  of  magnitude  of  U is  a few  hundred  for  pressurized 
skin;  when  U is  so  large:  tanh  U/2^1.0  and: 


"l)<w  l/2wj  2U 
M *(i  / 2jw  l j « (1/  jw  l yEJ/N 
N is  the  tangential  stretching  force  ; N 
I - t Vl2  . 


(1) 


pr. 


It  is  interesting  to  note  that  the  maximum  bending  moment 
is  approximately  proportional  to  the  support,  spacing.  This 
is  different  in  comparison  with  an  ordinary  beam,  for  which 
the  maximum  moment  would  grow  in  proportion  to  the  square 
of  length. 

liquation(l)  can  be  presented  in  a more  general  form  noting 
that  with  the  absence  of  stretching  the  maximum  moment  is: 


Mi 


wl^ 

JZ  (near  supports),  which  means  that 


. M'  e M0  f W~ 

The  magnitude  of  the  buckling  force  for  a beam  with  both 
ends  fixed: 


N 


cr  * 4 

El 

El  „ 4tt 2EI 

I2  N 

r-  Nf2~” 

II 

ft 

. ■ . (i 

l . > N c r 
2ir  Kl 

M'  ■ M'  j 
o 1 

Jv? 


M 


M 


, 3x/!lcr 
0 TT  M ' 


(2) 


This  is  valid  only  for  N>>  Ncri 
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Maximum  deflection,  according  to  the  same  reference 


m " 8N 


For  large  values  of  U: 


1 - cosh  IJ / 2 

U*  + 4U  'e  fu  ll  1 ] / 2 


wj 

ym  * sn 


U - 4U 


This  can  be  rewritten  to 


wj  HJZ  f"  4" 
~~8N~'  V1  " U 


j2U2  = t2  and, 


wl2  (\  4X\ 

ym  * W l1  ‘ uj 


This  is  valid  for  N»Ncr.  Usually  the  second  term  in 
parenthesis  is  much  smaller  than  unity.  Note  that  for 
an  ordinary  beam  the  deflection  is  proportional  to  the 
fourth  power  of  the  support  spacing. 

The  largest  bending  moment  at  midpoint  of  the  beam  column  is 


M"  « wj2^.-  ^¥^7?)  When  U is  lar8c: 
M"  WJ2  or  M"  = w(r)  This  may  be  tr 


s may  be  transformed  to: 


M"  = T~ 2 l m 7 When  no  axial  force  is  present: 


w:l2  f Ncr 
4 Tr  2 \ N t 


M0  " 2T~  (at  center)  The  new  form  of  liquation  (5)  is  : 

6 ^cr 

If  1 1 e F_.  MU 


For  MC-200  At  Maximum  Diameter. 

R ■ 1224  in. 

2 - 48  (Number  of  longerons) 

1 = 2 tt R/ 4 8 - 160.2  in. 
t = 0.024  in.  (Basic  skin  thickness) 


Ml  ril'Vn  1 - *1 


Ijlil.'li 
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The  computer  printout  of  longeron  analysis  shows  that  the 
maximum  radial  displacement  of  the  longerons  is: 

As  - 2.06  in. 

This  displacement  is  first  defined  by  .liquation  9-0),  Appendix  D 
and  it  is  the  same  as  deflection  ym  defined  in  this  section 
by  liquation  4;  it  is  the  relative  radial  deflection  of  skin 
with  respect  to  longerons  viewed  in  a cross-section  of  the 
hull,  which  is  of  interest. 

Pressure  p = 0.62  8 lb/i.n2 

Section  properties  of  the  circumferential  strap  of  skin: 

.2 


A = 0.024  in 

I - r?  t3  = (1. 152) (10)  °in4 

in 

Buckling  load: 

f'2  It 


- 6 

, ^ _ t i i r n ‘N  / 1 /\  > 

12 

(10.4) (10) 6 (1 . 152)  (10) ~6=  11.981  lbin2 


N 


4£2 

^2"  El 


cr  12  (11.981)  - 18.43(10) 


lb 


The  skin  loading  may  be  viewed  as  simultaneous  tangential 
stretching  with  the  magnitude 

N ■ (p-w)R 

And  pure  bending  with  the  uniformly  distributed  load  "w" . 
Assuming  that,  Equation  4 may  be  written 


wlj 

8N 


Evaluating  the  magnitude  of  w by  combining  the  last  two 
Equations : 

wl2 


w 


8 (p-wTR 

12 


C7) 


0.628 


81- A « 


+ i 


(160-  2 ) 


« 0.349  .lb/in2 


+ 1 


samo  beam,  without,  axial  force,  the  bending  moments 
be  : 


lo  “ l2(*  349)  (160. 2)2  = 746.4  inlb 
|JJ  ■ -2~Mq  - 373.2  inlb 

! stretching  force  is  N = (.  628-  349)  (224  ) *»  341.5  lb., 
•ue  moments  are: 


(746.4) 


3 ( (18.43)  (10)  "3W* 


341.5 


*=  5.236  inlb 


l"  “ iy  lld.?.(A.(?.L"..-  (373.2)  n 12.24(10)'3inlb 
u 341.5 


ponding  bending  stress: 

l « 6U'(l/tf  = (6)  (5.236)/(.  024)  2 «*  54,542  lb/in2 
^ - 128  lb/in2 

h .'i-n  /.I  4 « n r<  4*  M m +>  U (»  v\  Vi4*  r«  *1  r»  llfn  4-U  ~ 


1. 
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jxi.  1 ^ — cornice 

v “1' 

Typical  Structural  Section,  with  ct<30° 

FIGURE  H- 1 
A B + A2 

zc  « hA2/A  (1 

I - A2  (h-zc)2  + Axz l (2 

Shear  flow,  each  side  - wall: 

1 - f , lb/lB  (3 

No  shear  flow  in  the  bottom  wall  because  of  plane  of  symmetry 

Note  that  the  webs  joining  the  chords  are  assumed  to  be  pure 
shear  webs  and  that  their  tensile  and  compressive  properties 
are  included  in  the  chords. 

Consider  a special  case:  A-^  = A2  from  Equation  (1): 

zc  a h/2  from  Equation  (1)  (4) 

1 7 

I = -r.  Ah  from  Equation  (2)  f5I 
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Shear  flow  in  ouch  inclined  wall  is  such  as  if  the  wall  were 
vertical  with  the  height  h. 

There  is  more  than  one  way  of  including  into  the  chords  the 
axial  capacity  of  the  webs.  If  no  buckling  is  involved  and 
the  stress  due  to  axial  force  predominates  over  bending 
stress,  almost  the  whole  web  area  may  be  included.  In  case 
of  large  bonding  stress  only  one-sixth  of  a wall  may  be 
added  to  each  adjoining  chord,  rather  than  one -half  as  in 
tension  case.  When  buckling  is  present,  an  effective  stiff- 
ness must  be  calculated. 
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APPENDIX  I Bending  of  Longeron 


If  a beam  on  an  elastic  foundation  is  loaded  with  a single 
force  P,  the  bending  moment  is 


I>  -Ax 

- 4'-'e  (cosAx- sinAx) 


(1) 


when  there  is  an  axial  load,  A is  replaced  byA ; this  is  only 
an  approximation;  an  exact  equation,  with  the  effect  of  axial 
load,  should  be  used. 


FIGURE  I 1 Loading  of  a Beam  on  Elastic  Foundation 
According  to  liq.  (1)  , Mmax=  P/  (4A)  . 

Beyond  x,  = it / (4A),  the  magnitude  of  M is  quite  small. 

In  Example  I,  of  Appendix  D,*  there  was 
P » 45,270  lb 
A=  (12,301)  (10) " 3 1/in 

Hmax  “ ITT (T2T80 IT(~1 0 ) ~ 3 = 884>111  inlb 

xi  = TOTlrfoTRifTFS  = 6’4,87  in 


* Page  339 
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The  first  inflection  point  is  therefore, only  64.87/432  = 0.150 
of  the  frame  spacing  away.  Hetcnyiy  shows  that  the  first  zqio 
for  deflections  is  3x  as  large,  but  this  is  still  much  less 
than  frame  spacing.  This  means  that  in  the  example . considered 
the  effect  of  loading  in  one  frame  plane  has  negligible  in- 
fluence on  the  deflection  of  an  adjacent  frame. 


Calculate  bending  stress  due  to  that  bending  moment,  using 
the  figures  of  Example  I. 

Ic  = 261.7  in2 

c - 13.33  in 

ab  s Me  « (866,730)  (13.33^261.  i)  - 44,150  lb/in2 
(Compression.  Tension  is  1/2  of  this  value. 


' ‘ M.  llctenyi,  Beams  on  Elastic  foundation. 
Michigan  Press,  1946. 


University  of 
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Bending  of  Skin  Along  Longeron. 

At  some  distance  away  from  a frame,  there  will  be  a following 
deformed  skin  pattern: 


.Longeron 


Y 
I 

FIGURE  I 2 Skin  Deflection  Between  Longerons 

This  shows  that  longerons  are  restraining  the  skin  in  radial 
direction . 

To  evaluate  the  effect  of  this  restraint  use  the  procedure 
similar  to  the  one  described  in  Appendix  D;  first,  cut  the 
connection  between  frames  and  the  rest  of  cylinder  and  let 
the  skin  be  stressed  to 

ah  - pR/t. 

The  outer  radius  grows  by 

4 - $1  m 

The  interacting  forces  P cause  this  radius  to  shrink  by  As- 
From  equation 

As  = A-Af.  (3) 
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Once  the  general  solution  giving  force 

Mt 

2tt  RA  f ' 2'KTC2 

is  performed,  the  frame  displacement  Af,  may  be  calculated 
from 


+ p(#)]p 


wR‘ 


zPP. 


f " liAf  2-rr liA-f 


FIGURE  I 3 Loading  on  Skin 
(1  in.  wide  strap  of  skin  is  shown) 


System  C 


A = B + C 


It  is  the  shrinking  by  Ag , which  gives  rise  to  skin  bending. 
The  critical  cross  section  is  the  one  in  which  the  relative 
skin  - longeron  displacement  is  maximum.  For  the  sake  of 
simplification  assume  skin  to  be  separated  from  a frame  (but 
not  from  a longeron,  which  is  now  attached  to  frame). 

The  interaction  load  is  q (lb/in)  between  skin  and  longerons. 
The.  maximum  value  is  qm,  applied  to  the  skin  at  the  frame 
section.  The  task  is  separated  into  two  subproblems. 

The  original  system  "A"  of  radial  forces  q accompanied  by. 
pressure  p is  resolved  into  pure  tension  system  "B",  which 
causes  the  skin  to  stretch  and  a predominantly  bending 
system  "C".  Note  that  this  resolution  is  performed  merely 
to  visualize  the  two  major  load  components.  The  bending 
system  "C"  must  be  analyzed  in  the  presence  of  tension  system 
"B" . 
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i ~ri  n 


*CT~<- 


tir 


3 


<cr 


b = 2ttR/z 


b - 


FI  0!UR1:  I 4 Skin  Between  Longerons 

One  of  the  ways  to  determine  the  magnitude  of  the  distributed 
load  w is  to  say  that  it  induces  the  relative  skin  displacement 
As , (i.e.  the  displacement  of  mid-point  of  skin  segment  with 

respect  to  the  adjacent  longerons) 

When  the  magnitude  of  w is  known,  the  solution  of  system  "C" 
is  reduced  to  the  problem  of  a single-span  beam  column,  as 
shown  in  Figure  L4,  Keeping  in  mind  that  system  "B"  acts 
concurrently  with  system  "C",  we  have  the  stretching  force 

N = (p-w)R  (4) 

As  the  bending  stiffness  of  skin  is  quite  small,  any  axial 
load  encountered  is  likely  to  be  bigger  than  the  compressive 
buckling  load  Ncr.  This  necessitates  the  use  of  exact  equa- 
tions for  beam- columns . 

Bending  of  Skin  Along  the  Frame. 

Figure  5 L shows  the  longeron  with  a set  of  frame  reactions  p. 

The  magnitude  of  deflection  under  each  force  P is  denoted 
by  As  and  defined  by  equation 


A 


p sinh/il+sinAl 
s 2k  c o'sHiaX  - c o s/l 


The  longitudinal  bending  moment  in  skin  reaches  the  largest 
value  at  where  force  P is  applied. 
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The  equation  for  deflection  y due  to  P in  general  case  is 
according  to  l[etcnti,y 

y R e‘ax(j?cosh£x  + asinhBx) 


2 


V_k(lb/in2) 

FIGURE  I 5 Skin  Rending  Along  a Frame 


Briefly : 

y = ■■  Ge  “xf(x).  Bending  moment  is: 

M = Ely"  = El G ^ [-«e  f(x)  + e fT  (x)  ] 

M = IiIG[a2e  £(x)-ae  £l(x)-ae  f ’ (x)  + e f"(x)]a 

«EIG[ct2e'aXfCx)-2ae'aXf' (x)  + e"aXf”(x)] 

f(x)  = Bcoshfix  + sinhB’x 
f1  (x)  = 32sinh3x  + a3cosh(3x 
f" (x)  = P3coshBx  + a32sinhgx  = B2f(x) 

M = FIG [ (a2+p2 ) e f(x)-2ae  f ’ (x) ] 

M(0)  = EIG [ (a2  + f32 ) 3- 2aa3  ] = El G [ (3 3 - a2 p ] 
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Rewrite  G according  to  equations  4 and  5: 

M ■ 111  It 

A ftcr  lieteny  i : 

58-“!  - tot  -a*  -(X  * &)-  -ut 


M 


in  Ik  5 t'2A!i 


Minus  sign  may  he  omitted,  as  it  is  clue  only  to  the  convention. 
Also,  from  equation 

k 

•A  = nrq; 
k m ubia1* 

(I  was  used  instead  of  Ic,  as  the  skin,'  rather  than  the 
longeron,  is  of  interest.) 

Mm ax  a (6) 

According  to  equation  (1),  or  by  setting  N » 0 in  equation: 
a2  «y\.2  + 


N 


4 HI 

The  moment  when  the  axial  force  N is  absent  is: 
Mmax 

Comparing  this  with  equation  (6): 


M max  “ ^ m ax 


(§ 


This  result  is  analogous  to  one  obtained  for  maximum  deflect  i on  .| 
The  moment  may  be  calculated  with  no  axial  force  present  and 
then  multiplied  by  factor  m given  by  equation’’ 


nr 


1 


[l  + o/ocrP/2  . 
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If  the  radial  skin  displacement  is  As,  the  equivalent,  con- 
tinuous rudinl  loading  is 

Et  . 

w ° jj-r  Aj 

It  is  assumed  here  that  the  correction  for  the  effect  of  axial 
forces  had  already  been  made.  By  comparing  equation 

p/i  Ax  , 

z = e (cos/lx  + sin/x)  with  equation  (1),  for  x=0 : 


Mm  ax  _ P__  _2k  a k_ 
zmax  4A  PA  2 A2 

In  this  case: 


Mm  ax 


By  definition, 


k Aei 
2 l k 


T _ t , , lit  „ T . _ r.  i;t 

1 “ 12  > k - R2'  5 hlk  " h iTR2 


Mm  ax 


✓ 12  R 


The  bending  stress  is 


which  gives,  from  equation  (7): 


°b  " 


/3i: 

— As 


This  bending  stress  is  additive  with  the  longitudinal  stress 
due  to  pressure. 

The  considerations  in  this  appendix  are  valid  at  a reasonable 
distance  away  from  longerons.  As  we  approach  a longeron,  its 
own  curvature  determines  the  skin  stress.  In  the  vicinity  of 
a frame  it  is  usually  tension. 
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Longeron  as  Benin  on  Lilastic  Foundation. 

The  skin  is  the  elastic  foundation  with  stiffness  k (lb/in^) 

At  each  frame  station  there  are  concentric  forces  P applied, 
which  represent  the  interaction  with  the  frame.  Consider  ono 
longeron,  as  shown  in  Figure  5L.  Bending  stiffness  of  a long- 
eron (including  a piece  of  effective  skin)  is  El c ; introduce 
a relative  stiffness  constant  : "" 


(9) 


If  only  the  force  at.  the  origin  is  applied,  the  deflected  line 
is 


PA  "Ax 

2 “ 2¥  e (cos/ix  + sinAx)  , (Hetenyi) 


(10) 


To  preserve  symmetry  about  2-axis,  the  force  at  the  origin  is 
treated  as  two  halves  of  P.  livery  other  pair  of  forces  P, 
which  is  placed  symmetrically  about  z-axis,  at  a distance  ,\zl 
from  it,  will  give 

^ e (cosAz?  + sin/lzZ) 
so  that  the  total  displacement  is 

As  » e (cosAz?  + sin/iz? ) (11) 

2R  k ^jBl 


This  results  from  the  following  identities: 


Z • 

k=0 


-kt 


. . 1 sinx 

smkx  - 2 cosHt"  cosx ; 


• 1 + 2 Z 


e"  ktcosl<x  —Jasia 

cosht- cosx 


But 


1*2  = Ceos  Azl  + si nAz  l ) 

n = l 

A = PA  sinh/l/  + sin  AJ 
s 2k  coslyi.2  ' cos y\l 


.k"  1 

1 sin  h aI  + sivM 

2 coshAi!  - cos  A l 


(12) 
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Influence  of  Axial  Stretching 

When  skin  and  longerons  are  subjected  to  axial,  tension,  it  is 
more  difficult  to  bend  them  in  lateral  (radial)  direction, 
than  if  the  tension  did  not  exist.  This  effect  is  considered 
separately  for  skin  and  for  longerons. 

In  case  of  a longeron  subjected  to  an  axial  load  N,  a simple 
approximation  is  made;  the  effective  second  area  moment  Ic 
is  assumed  to  be 


Tc  ■ O * Hk-'c 

In  which  Ncr  is  the  elastic  buckling  force  for  a longeron 
supported  by  the  frames. 


(12) 


The  stiffening  factor  for  a thin-wall  cylinder  will  be  de- 
termined from  the  deflections  of  a longitudinal  strip  of  skin, 
which  is  treated  as  a beam  on  an  elastic  foundation.  The 
equation  10,  shows  that  the  deflection  under  a single  force  P 
at  the  origin  is 


pa 

IK 


When  no  axial  force  is  acting  equation  (113)  on  Page  134  of 
Hetenyi  gives  the  deflection  with  the  axial  force  present: 

The  stiffening  factor  is  defined  as 


m 


in  which 


m 


yJL 

y0 


= A. 

a 


A 


_N 
4E  I" 


7* 


~w 


4 El  A2 


/* 


(13) 


364 


, * ;W\ '■»  r'.rA  A Hi ■'  • 


{QTURBOMACHINES, 

N MIC-  76  2 38-30 

The  inclusion  of  the  effect  of  the  axial  force  has  the  follow- 
ing impact  on  the  previously  derived  expressions: 

1.  In  equation  A"  = -flvy  » k flnd  !c  are  replaced  by  It  and  Tc. 

_ JL.  ^ c 

A " 4 IiT  c 

2.  In  equation  12,  k and  j\are  replaced  by  F and  J\^  . 


General  Solution 

In  accordance  with  the  definition  of  A in  equation  As+Af*A, 

a - PAi 
lit 

p *»  internal  pressure,  uniform. 

Substituting: 

Af  = £ ant*  ecl 'nations  11  and  16 

in  As+Af“A, 

m + ?A  ]5frn  . pR* 

2,tAf  nr 1 (A0  irr 


In  which 


f yrf.  _ sinhA?  + sinA l 
H.AU  " cosTf/Q  - cos  ft  l 


2n].iA. 


* & F (A!)  S 


Bt  _ „ 
~R2  " P 


P 2rr  RAf  2 kit*  k A 1 )j ■ P 
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Alum.  Alloy : 


Air: 
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J Standards 

70S0-T76  Alclnd 


otu  * 73,000,  ib/in2 

ot  b 64,000,  lb/in2 

2 

o<.y  “ 61,000,  lb/in 
tsu  « 44,000  lb/in2 
e - 1% 

E » (10.2) (10)6,  lb/in2 
& 0 
Ec  - (10.6)  (10)  , lb/in 

v «=  .33 

Y - .102,  lb./in3 


NASA  Std 

At  sea  level:  (Dry  Air) 

t0  “ 59.00,°F 
T0  » 518. 688, °R 
P0  s p»2116, 22 , lb/£t2 
» 14.695.97,  lb/in2 
Y0  - .076475,  lb/ft 
M0  B (.37452)  (10)  “9  , lb.  s/ft 
v0  - (1.5757) (lO)"4,  ft2/s 
aQ  ■ 1116.59,  ft/scc 


^TURBOMACHINES. 

NAD C-  76  2 38-30 


cn  - .24067,  BTU/lb°R 
1 o 

R = 53.3505,  f t/°R 
k “ 1.4021 

Air:  NASA  STD 

at  5, 000ft  altitude:  (dry  air) 

t5  - 41.169,°F 

T5  “ 500. 857, °R 

Ps  g p ,.“1760, 79,  lb/ft2 

“12.2277,  lb/in2 
YS  *=  .065896,  lb/ft3 
Us  “ (36422) (10) ” 11 . lb. s/ft2 

^ - Cl .7783) (10) “4 , ft2/sec 

* 1097.53,  ft/sec 
cp«.  - . 234241  , BTU/lb°r 

R « 53.3505,  ft/°R 
K = 1.40215 

Air:  NASA  STD 

at  10,000ft  altitude:  (Dry  air) 
t1Q  - 23.338,  °F 
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Air : 


Helium : 
Pure  He 


^TURBOMACHINES. 

NADC-76238-30 


NASA  STD 

at  10,000ft  altitude:  (Dry  air) 
T10  “ 483.026,  °R 

P10  a p10  - 1455.33,  lb/ft2 

“ 10.10646,  lb/ in2 
Y10  - .0SC47S, lb/ft3 

M10  = (35374) CIO) " 11 , lb. s/ft2 

VK)  - (2.0153)  (10)‘4,  ftZ/s 
a10  « 1077.81,  ft2/s 

cp  .240166,  BTU/lb°R 
* 10 

R * 53.3505,  ft/°R 
k ■ 1.40215 


at  sea  level : 

t0  a 59.00,  °F 

T0  “ 518.688,  °R 

P0  s p0  - 2116.22,  lb/ft2 

» 14.69597,  lb/in2 
YHe  B .0105631  , lb/ft3 

\>  » 13.34(1  0)  "^at  7 7 . 36°F 

Hc„ 
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Helium: 


Pure  He  at  sea  level: 

VHe0  * 

aHe0  e 3271,  ft./s 

cp  “ 1.25,  BTU/lb°R 
Heo 

Rjje  - .386.24496  , ft/°R 
kHeo  “ 1-66 

Helium: 

Pure  He  at  5,000ft  altitude: 

tHe  - 41.169,  °F 
5 

THe5  * 500 .857 , °R 

PHe,  ’ PH0  ■ 1760.79,  lb/ft 
5 5 

“ 12.2277,  lb/in 
YHe  • .0091018,  lb/ft3 


a,,  * 3214,  ft/sec. 
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Helium: 


pure  He  at  5,000ft  altitude: 


c„  “ 1 . 2 4 8 d , BTU/lb°R 
1 He  q 

R„  “ 386.24  496  , f t/°R 


kHno=  1--“ 


Helium: 


Pure  He  at  10,000ft  altitude 


tHe10-  23‘388»  °F 

THe10»  483.026,  °R 

P10  B Pl0“  1455.33,  lb/ft2 
- 10.10646, 

y “ .0078006  lb/ft3 

Hcio 

u = 

Heio 


aHeio“  3157, ft/sec. 

c„  « 1.25,  BTU/lb°R 
P,Ie10 

R„.  - 386.24496,  ft/°R 


1.66 
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Lift  of  He; 

At  sea  level: 

Pure  He: 


temp,  of  air  and  He  is  the  same 


k,.  = YAir  -Y.|  ■ 076475 

He0  o Hec 


kIJo  ■ . 065912,  lb/ft3 


.95  pure  Me:  kjJe  » .0  76465  - 


kHe0  " • 965358 , lb/ft 

« , .06535,  lb/ft3,  used 


At  5,000ft  altitude: 

.95  pure  Hosk,,^.  \lr 

k,je  « . 0563142,  lb/ft 

s 

“ .05631,  lb/ft3, 


3 

used 


At  10,000ft  altitude: 


.95  pure  He: 


^Airio 


kl4  - . 0482856  , lb/ft3 
16 10 

« .04828,  lb/ft31,  used 


, gases  are  dry. 
.0105631 


.0105612 

re- 


value 


■=.065896- 
- .0091018/. 95 


value 


YHe10  = .056475 
.95 

-.0078006/. 95 


value 
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APPENDIX  K Notations 

CAPITAL  J.I-TTF.RS  ' 

A, 

ft  or  in  = area 

' B, 

in.  = width 

c.= 

coefficient 

C, 

in.  ■=  distance  from  NA  to  extreme  fiber  of  a 

beam 

D, 

lb  - drag  force  on  a hull 

B, 

lb/in^  = modulus  of  elasticity 

F, 

lb  = force 

G, 

lb/in^  ■ modulus  of  shear 

H, 

in. = height 

I 

) 

in'*  = moment  of  inertia 

J, 

778.156  ftlb/BTU  = mechanical  equivalent  of 

heat 

L, 

lb  = lift 

L, 

in. = length 

M, 

ftlb  = moment 

P, 

lb/in^  = absolute  pressure 

P, 

lb  = load 

P, 

ft  s perimeter 

Q> 

lb  = shear  force 

R» 

ft/°R  a gas  constant 

R» 

ft  or  in.  - radius 

R, 

degrees  = Rankine  temperature 

T, 

degrees  = total  temperature 
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V,  Ib/ft  = shear  flow 
V,  ft"5  = volume 

SMALL  LETTERS 

a,  ft/s  ■=  velocity  of  sound 

2a,  ft  = major  axis  of  an  ellipsoid 
as,  ft  or  in.-  semi-axis  of  bow  ellipsoid 

b,  ft  or  in.  = distance  between  longerons 
2b,  ft  s minor  axis  of  an  ellipsoid 

a/b  = finess  ratio  of  an  ellipsoid  hull 

c,  ft/s  = gust  velocity 

d,  ft  or  in.,  * diameter 

“T 


. V5 5 


“ eccentricity  of  an  ellipse 


g,  ft/s4  = gravitational  acceleration 

h,  ft  or  in.  = height  of  a frame  or  longeron 
h , ft  = head  of  gas 

i = an  individual  number 
k,  lb/ft.3  * specific  lift  of  gas 
k,  cp/cr  s ratio  of  specific  heats 

k,  lb/in  = spring  constant 

l,  ft  or  in.  = length 
n,  a/b 

p,  lb/ft  or  lb/in  = static  pressure 

q,  pu4/2  or  lb/ft4  = dynamic  pressure 
q,  lb/ ft  or  lb/in  = shear  flow 
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r , ft  or  in,  « radius 

t,  in. = thickness 

u,  knots  or  ft/s  = airship  forward  velocity 

v,  ftVlb  = specific  volume 

w,  lb  = weight 

x,  ft  or  in.  = Cartesian  abscissa 
x s longitudinal  axis  of  a hull 

y « port- starboard  axis  of  a hull 
z e vertical"axis  of  a hull 
z e a fixed  number 

SUBSCRIPTS 

ae  = aerodynamic 

av  = average 

all  = allowable 

b = for  bending  stress 

B = bow  or  bottom 

c = compression 

cr  = critical 

d = doubler 

des  ~ design 

D = drag 

e = F.ulerian  load 
f = frame 
g - gas  head 
h “ hoop 


i = individual. 

ic  = inner  chord 

L = longitudinal  or  longeron 

LS  ~ longitudinal  skin  direction 

in  “ for  gust  moment 

max  K maximum 

M = maximum 

o = total  or  absolute  value 
oc  » outer  chord 
S <=  stern 
S = skin 

ST  « in  the  skin  at  top  of  the  hull 
SB  « in  the  skin  at  bottom  of  the  hull 
t = tension 
T = transverse  or  top 

TS  •-  in  transverse  direction  in  the  skin 
x = in  x direction 
y = in  y direction 
YP  = yield  point 
z - in  z direction 

GREEK  LETTERS 

a,  degrees  = radial  angle  in  the  transverse  plane  of  hull 

■7 

Y > Ib/ft  = weight  density 
A = difference 
t , in.  = deformation 
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6,  degrees  = pitch  angle  of  the  hull 

0,  degrees  or  radians  = perimetral  station  on  a frame  at  a 

fixed  load 

X R (weight  of  hull) /(gross  displacement  lift) 

X,  1/p  = slenderness  ratio  of  a column 

y,  lb  sec/ft2  ® dynamic  viscosity 

v e Poisson's  Ratio 

v,  ft2/s  «=  kinematic  viscosity 

£ » elastic  parameter 

7t  « Ludolf's  number 

p,  ft  or  in.  = radius  of  gyration 

p,  lb  sec^/ft.^  = mass  density 

a,  lb/in2  » tension  or  compression  stress 
? 

r,  lb/in  B shear  stress 
Q , degrees  = angle  above  equator 
(o,  1/s  = circular  velocity 

£ « summation  symbol 
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APPENDIX  L Ellipses  And  Ellipsoids 


x,  Longitudinal  Axis 

y,  Horizontal  Axis 

z,  Vertical  Axis 

Elovational  Profile 
Bow  Ellipsoid 


‘B 


R2 

T 


Stern  Ellipsoid 
= 1 


x2  + T?_ 
a2  R2 

Q 1 


■Origin  at  max.  R station  of 
tho  hull  1 


Excentricity  e =■ 


Oscullatory  Radius  of  Bow  D 


of  Stern 


Volume  of  Bow  Ellipsoid 

VB=  (2/3 ) TtaBR2 

of  Stern  Ellipsoid 

V - (2/3)  it  a R2 
S 51 


R2 

•r 


K 


“B 

rt 


1 
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Center  of  buoyancy  from  the  origin  at  maximum  diameter  R 


station. 


Bow  Ellipsoid 
Bb  = (.  375)aR 
Stern  Ellipsoid 
Bs  - (.375)  afl 
Area  of  Ellipse 


Bow  * iraBR,j, 

Stern  Ag  a tt a ^R^ 

Perimeter  of  Ellipse 

Bow  Pn  « 2nan  [ 1 - (1/2) ■ 


r b 

eB 


2 eJ 


Stern  Pc  = 2Trao  1 - (1/2) 2e2  - 


1X3X5 


m r~  m m r\.. 


2 eg 


1X3X5\2  es 


r"  imiFi  r 


- R2 
S r 


Surface  Area  of  Ellipsoid 


7 Si n" 1 er 

Bow  A - irRi;  + TrauRT  2. 

B I B T eg 


Stern  A = tt R,f,  + ira  R„ 


Sin-1E , 


I unoumrtw-mrits, 
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APPENDIX  M 


M - 

1 

MC- 100 

M - 

2 

MC-12S 

M - 

3 

MC- 150 

M - 

4 

MC- 175 

M • 

5 

MC- 2 00 

APPENDIX  N 


Layout 

Layout 

Layout 

Layout 

Layout 


N - 1 Sketch  - Assembly  Method 
N - 2 Sketch  - Final  Assembly 
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